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Description 

Field of the Invention: 


5 The present invention has been defined in the claims. It inter alia relates to a process for producing a 
novel semi-synthetic blood substitute and the novel semi-synthetic blood substitute resulting therefrom. The 
novel semi-synthetic blood substitute is a hemoglobin preparation characterized by its purity, its exception- 
ally low levels of endotoxin, the absence of non-hemoglobin proteins, and its molecular cross-linking profile. 
The semi-synthetic blood substitute has no toxic activity when used in a substitute fashion and possesses 

10 the property of reversibly binding gaseous ligands such as oxygen and Is useful for transporting and 
supplying oxygen to vital tissues and organs. Additionally, the blood substitute serves as a blood plasma 
expander for management of disease and for maintaining circulatory integrity. A further aspect of the 
invention is the preursor or intermediate, the pure, phospholipid-free, endotoxin-free hemoglobin solution in 
uncross-linked form. 

75 

Description of Background Materials 


Complex multicellular organisms are equipped with specialized tissues which are concerned with the 
processes of nutrition and excretion. It is the primary function of blood to provide a link between various 

20 organs and cells of the body. Blood, red cells, plasma and other components maintain a constant cellular 
environment by circulating through every tissue and continuously delivering nutrients to the tissues and 
removing waste products and various tissues which are concerned with the tissue secretions from them. 
PHYSIOLOGY, Third Edition, Edited by Edward E. Selkurt, Page 223 (1971). Blood is a viscous fluid 
composed of cells and plasma. More than 99% of the cells are red blood cells. The major function of red 

25 blood cells is to transport hemoglobin, which in turn carries oxygen from the lungs to the tissues and CO2 
from the tissues to the lungs. Normal red blood cells contain approximately 34 grams of hemoglobin per 
100 ml of cells. Each gram of hemoglobin is capable of combining with approximately 1.33 ml of oxygen. 
See Guyton, A. C, BASIC HUMAN PHYSIOLOGY: NOMRAL FUNCTION IN MECHANISMS OF DISEASE, 
Pages 84-85 (1971). 

30 Because of the critical and ongoing need for a therapeutic agent useful as a blood substitute for 
carrying and supplying oxygen and as a blood plasma expander, intense research efforts have been 
directed to the development of an adequate blood substitute. The need for a blood substitute exists for 
replacing blood lost by acute hemorrhage, blood losses occuring during surgical operations, resuscitation 
procedures after acidental blood loss, and the like. Further, as a plasma expander, a blood substitute serves 

35 as a therapeutic to treat volume deficiency shock, as an alleviant in anaphylactic and allergic shock, and for 
replacing plasma lost after burns and as a result of severe diarrhea. 

Hemoglobin in solution has the capaciliy to transport oxygen and, theoretically, could be used as a 
substitute for red blood cells. Because hemoglobin solutions are oncotically active, these solutions also 
expand plasma volume, thereby providing a function as a plasma expander as well. Thus the ability to be 

40 oncotically active and transport oxygen suggests that hemoglobin solutions would be desirable for a 
resuscitation fluid where rapid initial treatment of hypovolemia and tissue hypoxia is required. However, in 
order to function as an adequate resuscitation fluid, hemoglobin solutions must be capable of maintaining 
tissue oxygenation for specific periods of time. 

Hemoglobin present in the blood of mammals has a fundamental property in solution of reversible 

46 oxygenation. In its natural form, mammalian hemoglobin is a conjugated, non-crosslinked protein having a 
molecular weight of approximately 68,000 and structurally comprised of two pairs of sub-units. Each sub- 
unit contains a heme group and a polypeptide chain, called globin. In mammals, hemoglobin is present in 
erythrocytes, along with stroma which consists of protein, phospholipids and cholesterol. See CLINICAL 
HEMATOLOGY, By Wintrobe, 6 Ed. Pages 138-199, (1967). 

60 The reversible binding of oxygen requires the interaction between four chains of hemoglobin (tetrameric 
hemoglobin) which results from the ability of the protein to exist as two different quarternary structures 
(relaxed and tense) that have different oxygen affinities (Perutz, M. F., Prog. Clin. Biol. Res. 1: 3 (1975)). 
The two different oxygen affinities permit hemoglobin to on-load oxygen when the oxygen tension is high 
(approximately 100 mm Hg p02) and to off-load oxygen when the oxygen tension is low (approximately 40 

55 mm Hg p02) and give rise to a characteristic sigmoidal shape to the oxygen-hemoglobin dissociation curve. 
It is now known that the tense state of some hemoglobin in red cells is stabilized by the presence of 
organic phosphates such as 2,3-diphosphoglycerate (2,3-DPG), with the tense state of hemoglobin in 
solution not stabilized due to the absence of 2,3-DPG. Accordingly, hemoglobin in solution has a lower P50 
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than hemoglobin In its natural form (Arnone, A., Nature 237: 146 (1972). 

Aqueous hemoglobin exists in equilibrium between the tetrameric (MW 68,000) and dimeric (MW 
34,000) forms (Bunn, H. F. et al., Trans. Assn. Am. Physicians 81: 187 (1968)). The dimers are excreted by 
the kidney and result in rapid intravascular elimination of hemoglobin solutions, with such solutions having a 

5 2-4 hour plasma half-life. Accordingly, efforts have been directed to overcome the inherent limitations of 
hemoglobin solutions by molecular modification of the hemoglobin. The purpose of the molecular modifica- 
tion is to stabilize hemoglobin to prevent dimer formation and to maintain the tense conformational state. 
Bunn et al., supra, demonstrated that cross-linking hemoglobin reduced renal elimination and inceased 
intravascular retention time. Bunn et al. utilized bis (Nmaleimidomethyl) ether; however, the resulting 

10 hemoglobin solution had a high oxygen affinity, i.e., a P50 of 3 mm Hg. Pyridoxal-5-phosphate has been 
demonstrated to have an analogous effect to 2,3-DPG in lowering oxygen affinity, resulting in a P50 of 26- 
30 mm Hg (Benesch, R. E., Biochem. 11: 2568 (1972)). However, unlike 2,3-DPG, pyridoxal phosphate does 
not act as a cross-linking agent, resulting in intravascular retention times similar to that of unmodified 
hemoglobin (Greenburg, A. G. et al., Surgery 86: 13 (1979)). Thus it was thought that pyrldoxylatlon and 

15 cross-linking would be required to produce a blood substitute having low oxygen affinities (P50 equal to 20- 
30 mm Hg) and adequate intravascular retention times (half disappearance times of 20 or more hours). 

In 1985, the Congress of the United States, Office of Technology Assessment (OTA), issued a report 
entitled "Blood Policy and Technology." At chapter 6 of this report, alternative sources of blood products 
were discussed, with the conclusion that the impetus to develop alternative blood sources and substitutes 

20 based on economic, safety, and availability considerations was a necessity. According to the report, the 
ideal red blood cell substitute would have six properties: 1) an oxygen dissociation curve and oxygen- 
carrying capacity similar to that of intact red blood cells; 2) be non-toxic and non-antigenic; 3) have good 
flow characteristics; 4) remain In the circulation for a long period of time; 5) have a long shelf life; and 6) be 
cost effective in comparison to present red blood cell transfusions. The report also concluded that no 

25 substitute yet developed fulfills all these criteria. 

Four basic approaches have ben utilized to develop an adequate blood substitute. In one approach, a 
class of synthetic compounds call perfluoro chemicals are being developed. In a second approach, 
synthesized analogues of hemoglobin are being developed. Investigators are also attempting to assemble a 
red cell by encapsulating hemoglobin in lipid vesicles called liposomes. Finally, purified hemoglobin has 

30 been chemically modified to prolong its circulation and enhance its oxygen binding-dissociation properties. 

According to the OTA report, supra, to date, none of these approaches has proven satisfactory. The 
fluorocarbons are removed by the circulatory system as foreign substances, and they become lodged In the 
liver, spleen and other tissues. Artifical cells made of membrane encapsulated hemoglobin have not been 
used for many reasons. The use of microcapsules made from synthetic polymers such as polystyrene, 

35 ethylcellulose, and silicone rubber introduces biologically incompatable materials into a living system. The 
cell walls of the capsules tend to leak. It Is difficult to control permeability of the wall, and these capsules 
are too rigid and too large to pass through the capillary bed. 

The use of blood and blood fractions is fraught with disadvantages. For example, the use of whole 
blood often Is accompanied by the risk of transmission of hepatitis-producing virus and AIDS-producing 

40 virus which complicate the patient's recovery In the first instance and is fatal in the second. Additionally, the 
use of whole blood requires blood-typing and cross-matching to avoid immunohematological problems and 
interdonor incompatibility. 

The blood fraction plasma (BFP) which is a physiologically balanced colloidal solution that fulfills many 
of the requirements of a blood volume expander, cannot be safely used for this purpose. The high 

45 incidence and the risk of transmitting homologous serum hepatitis associated with plasma is so great, that 
its use Is no longer warranted. 

The blood component hemoglobin possesses osmotic activity and the ability to transport and exchange 
oxygen, but it has the disadvantage of rapid elimination from circulation by the renal route and through 
vascular walls, resulting in a very short, and therefore, unsatisfactory half-life. 

60 The literature, both patent and non-patent, is replete with efforts to produce a satisfactory blood 
substitute from polymerized, cross-linked, stromal free hemoglobin. Bonsen et al., U.S. 4,001,200, and 
Bonsen et al., U.S. 4,001,401 disclose polymerized, cross-linked, "stromal-free" hemoglobin and phar- 
maceutical compositions (and methods for using same) comprising the polymerized, cross-linked, "stromal- 
free" hemoglobin. The process for producing the polymerized, cross-linked, "stromal-free" hemoglobin of 

66 Bonsen et al. comprises lysing red blood cells, filtering through diatomaceous earth to remove stroma, 
dialyzing to remove residual low molecular weight salts and metabolytes, polymerizing to form water 
soluble, cross-linked, macromolecular, stromal-free hemoglobin, with a final sterilization by filtering through 
a filter having a pore size of about 0.20 to 0.45 microns. Included among the cross-linking agents disclosed 
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by Bonsen et al. are dialdehydes such as glyoxal, malonic dialdehyde, succinic dialdehyde, glutaraldehyde, 
adipaldehyde, 3-methyl glutaraldehyde, propyladipaldehyde, phthalic dialdehyde, terephthaldehyde and 
nnalonic dialdehyde. 

Bonsen et al. (Ill, U.S. 4,053,590), extends the disclosure of Bonsen et al. ('200) and Bonsen et al. 

5 ('401) with a discussion of physiologically acceptable polymeric plasma substitutes as carriers for the blood 
substitute. Further, applications for use as an artificial oxygen exchange solution in conventional ox- 
ygenators such as cardiac by-pass, extracorporeal circulatory assist devices, and hollow-fiber and sheet 
type membrane devices for use in assisting the circulation in ill patients, is suggested. Additionally, the 
polyhemoglobin is suggested as a source of protein and oxygen in the microbiological assay of foods for 

70 aerobic bacillus and staphyllococcus to ensure the food Is safe for animal and human consumption and as a 
storing and preserving solution for viable Isolated perfused mammalian organs for their eventual transplant 
into a recipient. 

Bonhard et al., U.S. 4,136,093 discloses a hemoglobin preparation suitable for intravenous injection 
comprising a substantially pyrogen-free condensation product of hemoglobin and pyrldoxal phosphate. The 

75 hemoglobin preparation Is claimed to have a retention time In the blood system of from 2 to 9 hours. The 
product is produced by washing red blood cells with a weakly alkaline solution, hemolyzing, and treating the 
resulting material with a cation exchange resin. The material is separated from the resin, diluted to a 
hemoglobin concentration of about 5-9%, adjusted to a pH of about 7 to 9, treated with pyrldoxal-5- 
phosphate and, optionally, treated with a solution of a borohydrlde and then a dialdehyde to cross-link the 

20 hemoglobin molecules. The non-pyrogenic nature of the infusion solution is obtained by, as a minimum, 
repeated washing with the weakly alkaline solution. 

In Bonhard et al .. U.S. 4,336,248, hemoglobin molecules were coupled to increase their intravascular 
residence time without significantly diminishing the oxygen transport ability of the molecule. The hemoglo- 
bin molecules are coupled to one another and/or to serum proteins and gelatin derivatives using dial- 

25 dehydes such as aliphatic dialdehydes of 3-8 carbon atoms. Optionally, pyridoxal phosphate may be added 
subsequently. The coupled hemoglobin molecules are recovered by ammonium sulphate precipitation. 

In Simmonds et al., U.S. 4,401,652, there is disclosed a process for preparing a "stromal-free" 
hemoglobin solution. The Simmonds et al. process is particularly adapted for large scale production of 
"stromal-free" hemoglobin, with reduced methemoglobin formation. The process comprises washing blood 

30 cells to remove non-cellular components, removing leukocytes, typically by filtration through a suitable 
adsorbent which preferentially retains the leukocytes, lysing the remaining red blood cells ultrasonically or 
mechanically, precipitation of the hemoglobin by mixture with a polyvalent cation, a polysulphate, and a 
polyvalent anion, and final purification by filtration and dialysis. The resulting hemoglobin solution Is 
"substantially pure" and "free of stroma" and other lipoprotein cellular constituents and contains less than 

35 5% methemoglobin. 

Tye, U.S. 4,529,719, discloses "stromal-free" tetrameric hemoglobin which Is cross-linked with certain 
bis-disalicyl esters and modified with pyridoxyl-5'-phosphate followed by reduction to produce bis-diamide 
covalently cross-linked, pyridoxyl-5'-phosphate covalently modified, tetrameric hemoglobin. The modified 
cross-linked "stromal-free" tetrameric hemoglobin in disclosed to be disease-free and capable of transport- 

40 ing oxygen to perfused tissue and remains in the Intravascular space. Additionally, the product Is suggested 
to be free from cell surface antigens, making it suitable for transfusion In place of red blood cells. 

The modified cross-linked, "stromal-free" tetrameric hemoglobin of Tye is produced by starting with red 
blood cells of freshly drawn, outdated, or frozen packed cells or whole blood. The blood is drawn in sterile 
fashion Into containers with sufficient anticoagulant activity to prevent clot formation. Hemoglobin from a 

45 variety of mammalian sources, souch as human, bovine, ovine, or porcine are disclosed to be useful. Any 
non-heme protein Is removed, preferably by zinc precipitation. Hemoglobin is released from the red blood 
cells by hypotonic lysis followed by ultrafiltration. The filtered hemoglobin is passed through a subsequent 
filtration step to remove virus particles, protein aggregates, and stormal elements. The typical filter has a 
nominal pore size of 0.020 microns and an exclusion for globular proteins of 1 ,000,000 Daltons. Zinc iron Is 

60 added to precipitate the hemoglobin and the precipitate concentrated by filtration. The non-heme protein is 
removed in the filtrate. The resulting hemoglobin is then cross-linked using the bis-disalicyl esters and 
treated with pyridoxy-5'-phosphate, followed by reduction of the reversible Schiff base covalent bond. 

Kothe et al., U.S. 4,526,715 discloses a method for producing highly purified hemoglobin solutions free 
of plasma proteins and residual stromal lipids prepared from human blood or from animal blood In 

55 quantities large enough for clinical applications. The disclosed process comprises contacting red blood cells 
with a washing solution, hemolysing by introduction of the concentrated red blood cells into 2-3 times the 
volume of water, separating the stroma from the hemoglobin by ultrafiltration, and concentration In a third 
filtration stage utilizing a second ultrafiltration unit having a permeability of 10,000 to 50,000 Daltons. 
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However, in spite of the recent advances in the preparation of "stromal-free," cross-linked hemoglobin 
origin blood substitutes, the need has continued to exist for a blood substitute which is substantially free of 
endotoxins, phospholipids, and non-hennoglobln proteins, which is capable of 1) transporting adequate 
amounts of oxygen to tissue under ambient conditions; 2) having an oncotic activity equivalent to that of 
5 whole blood; 3) having an adequate intravascular retention time; 4) transfusible to all recipients without 
cross-matching or sensitivity testing; 5) free from disease agents such as bacteria and virus particles 
(heptatitis, AIDS, etc.); and 6) storable with minimum amounts of refrigeration. 

SUMMARY OF THE INVENTION 

10 

Recognizing the long-standing need in the field to develop a blood substitute comprising an oncotically 
active protein solution capable of transporting oxygen and readily available when massive transfusions are 
required, the inventors endeavored to develop a blood substitute based on a hemoglobin solution. Further, 
recognizing that the massive demands for such a blood substitute would require volumes of starting 

75 material far in excess of that which could potentially be made available as discarded human blood, a further 
goal of the present Invention was to generate a process for creating such a blood substitute wherein 
nonhuman mammalian blood sources would be suitable as starting materials. 

With these goals in mind, the following Invention has resulted, a semi-synthetic blood substitute 
comprising monomeric mammalian hemoglobin in cross-linked form, said semi-synthetic blood substitute 

20 being substantially free of endotoxins, phospholipids and non-hemoglobin proteins such as enzymes. An 
additional aspect of the present invention comprises the process by which the aforementioned blood 
substitute is prepared. Essentially, the blood substitute is prepared from a mammalian blood fraction by a 
process comprising 1) separation of red blood cells from the mammalian blood fraction; 2) hemolysis of the 
red blood cells to produce a composite of monomeric hemoglobin and stroma, including phospholipids; 3) 

25 separation by filtration of the hemoglobin, contaminated with at least a portion of the phospholipid; 4) 
purification of the monomeric hemoglobin by high performance liquid chromatography (HPLC) to separate 
the hemoglobin from all other proteins residual of the red blood cells, as well as the phospholipid, enzyme 
and endotoxin contaminants; 5) cross-linking (polymerizing or aggregating) the monomeric hemoglobin; and 
6) partially separating the cross-linked hemoglobin from the non-crossllnked hemoglobin. An essential 

30 aspect of the present process comprises conducting the above steps under conditions which result in a 
product which is substantially free of endotoxins, phospholipids and non-hemoglobin proteins such as 
enzymes, and has a defined molecular weight distribution of greater than about 90% between 68,000 
daltons and 500,000 daltons. 

The resulting product (hereinafter "Invention Hemoglobin") Is a blood substitute which Is substantially 

35 free of endotoxins, has vascular persistence of at least two days, has the property of reversibly binding 
gaseous ligands such as oxygen and is useful for transporting and supplying oxygen to vital tissues and 
organs. As such, the blood substitute of the present Invention is useful as a blood expander and 
resuscitating fluid in the management of disease and for maintaining circulatory integrity where needed. I.e., 
in response to sudden and massive blood loss. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A-1H are flow sheets describing the process of Example I. Figure 1A refers to the blood 
collection phase. Figure IB refers to the blood separation phase. Figure 10 refers to the microporous 

45 filtration phase. Figure IDF refers to the ultrafiltration phase. Figure 1E refers to the column chromatog- 
raphy phase. Figures 1F and 1G refer to the crosslinking phase. Figure 1H refers to the storage and 
process fluid preparation phase. 

Figure 2 is a graphic comparison of platelet numbers between three groups of rabbits, with percent 
change from baseline represented on the ordinate and time represented on the abscissa. Ti represents the 

50 baseline platelet level; T2 represents the platelet level at 15 minutes post-transfusion; T3 represents the 
platelet level at 1 hour post-transfusion; T4 represents platelet level at 3 hours post-transfusion; and T5 
represents platelet level at 24 hours post-transfusion. The solid circles represent the mean value ± standard 
error for platelet levels for six rabbits having one-third of estimated blood volume replaced with a 
hemoglobin solution containing between one and two endotoxin units (EU)/ml; the clear circles represent the 

65 mean value ± standard error for platelet levels of four rabbits that had one-third of blood volume replaced 
with 5% Plasma Protein Fraction (commercial product found to contain 0.05-0.15 EU/ml); and the squares 
represent the mean value ± standard error for six rabbits that had one-third of the estimated blood volume 
replaced with pure polymerized hemoglobin according to the present invention, said hemoglobin containing 
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0-0.35 EU/ml. 

Figure 3 is a graphic representation comparing white blood cell levels for one-third transfused rabbits 
from baseline to 24 hours. As in Figure 2, the ordinate represents percent change, with the abscissa 
representing time. Ti represents the baseline platelet level; T2 represents the platelet level at 15 minutes 

5 post-transfusion; T3 represents the platelet level at 1 hour post-transfusion; represents platelet level at 3 
hours post-transfusion; and T5 represents platelet level at 24 hours post-transfusion. The solid circles 
represent the mean value ± standard error of 6 rabbits that had one-third of the estimated blood volume 
replaced with a hemoglobin solution containing between 1 and 2 EU/ml; the clear circles represent the 
mean value ± standard error of four rabbits that had one-third of the estimated blood volume replaced with 

70 5% Plasma Protein Fraction (commercial product found to contain 0.05-0.15 EU/ml); and the squares 
represent the mean value ± standard error of 6 rabbits that had one-third of the blood volume replaced with 
pure polymerized hemoglobin according to the present invention, containing 0-0.35 EU/ml. 

Figure 4 is a graphic comparison of serum fibrinogen levels between three groups of rabbits. The 
ordinate represents the percent change in fibrinogen levels; the abscissa represents the time period, with Ti 

75 representing baseline; T2 the value at 15 minutes post-transfusion; T3 the value at one hour post- 
transfusion; T^ the value at 3 hours post-transfusion and T5 the value at 24 hours post-transfusion. The solid 
circles represent the mean value ± standard error for six rabbits with one-third of the estimated blood 
volume replaced with a hemoglobin solution that contained between 1 and 2 EU/ml; the clear circles 
represent the mean value ± standard error for four rabbits that had one-third of blood volume replaced with 

20 5% Plasma Protein Fraction (commercial product found to contain 0.05-0.15 EU/ml); and the squares 
represent the mean value ± standard error of six rabbits that had one-third of blood volume replaced with 
pure polymerized hemoglobin, containing 0-0.35 EU/ml. 

Figure 5 represents a graphic comparison of prothrombin levels between three groups of rabbits. The 
ordinate represents the percent change in prothrombin levels, with the abscissa representing time. Ti 

25 represents the baseline prothrombin level; T2 represents prothrombin levels at 15 minutes post-transfusion; 
T3 represents prothrombin levels at 1 hour post-transfusion; T4 represents prothrombin levels at 3 hours 
post-transfusion; and T5 represents prothrombin levels at 24 hours post-transfusion. Solid circles represent 
the mean value ± standard error of six rabbits that had one-third of the estimated blood volume replaced 
with a hemoglobin containing between 1 and 2 EU/ml; the clear circles represent the mean value ± standard 

30 error of four rabbits that had one-third of the estimated blood volume replaced with 5% Plasma Protein 
Fraction (commercial product found to contain 0.05-0.15 EU/ml); and the squares represent the mean value 
± standard error of six rabbits that had one-third of the estimated blood volume replaced with pure 
polymerized hemoglobin, containing 0-0.35 EU/ml. 

Figure 6 is a graphic representation comparing serum creatinine levels between three groups of rabbits. 

35 The ordinate represents the percent change in serum creatinine levels, with the abscissa representing time. 
Ti represents the baseline serum creatinine level; T2 represents serum creatinine levels at 15 minutes post- 
transfusion; T3 represents serum creatinine levels at 1 hour post-transfusion; T4 represents serum creatinine 
levels at 3 hours post-transfusion; and T5 represents serum creatinine levels at 24 hours post-transfusion. 
Solid circles represent the mean value ± standard error of six rabbits that had one-third of the estimated 

40 blood volume replaced with a hemoglobin solution containing between 1 and 2 EU/ml (Chromogenic l_AL 
test); the clear circles represent the mean value ± standard error of four rabbits that had one-third of the 
estimated blood volume replaced with 5% Plasma Protein Fraction (commercial product found to contain 
0.05-0.15 EU/ml); and the squares represent the means value ± standard error of six rabbits that had one- 
third of the estimated blood volume replaced with pure polymerized hemoglobin, containing 0-0.35 EU/ml. 

46 Figure 7 represents a graphic comparison of the changes in hematocrit (Hct) following a 50% 
hemorrhage-transfusion in monkeys. The ordinate represents the hematocrit with the abscissa representing 
the time in days. Hematocrits of hemoglobin-transfused monkeys are noted with the solid circles; 
hematocrits of Plasma Protein Fraction are denoted with the open circles. 

Figure 8 is a graphic representation of white blood cell percent, red blood cell percent, hemoglobin 

60 percent, and hematocrit percent, from time 0 through day 21 , of a dog which underwent a 40% exchange 
transfusion with a cross-linked hemoglobin solution of the present invention. 

Figure 9 is a graphic representation of white blood cell percent, red blood cell percent, hemoglobin 
percent, and hematocrit percent, from time 0 through day 18, of a dog which underwent a 25% exchange 
transfusion with a cross-linked hemoglobin solution according to the present invention. 

55 Figure 10 is a graphic representation of white blood cell percent, red blood cell percent, hemoglobin 
percent, and hematocrit percent, from time 0 through day 78, of a dog which underwent a 33% exchange 
transfusion with a cross-linked hemoglobin solution according to the present invention. 

Figure 11 is a graphic representation of white blood cell percent, red blood cell percent, hemoglobin 
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percent, and hematocrit percent, from time 0 through day 47, of a dog which underwent a 33% transfusion 
with 5% human albumin solution. 

Figure 12 is a graphic representation of white blood cell percent, red blood cell percent, hemoglobin 
percent, and hematocrit percent, from time 0 through day 23, of a dog which underwent a 50% blood 
5 volume hemorrhage, followed by immediate replacement with 5% albumin solution as a first step in the 
exchange transfusion. This was followed by a rapid removal of another 50% of the blood volume followed 
by replacement with a cross-linked hemoglobin solution of the present invention. 

Figure 13 is a graphic representation of white blood cell percent, red blood cell percent, hemoglobin 
percent, and hematocrit percent, from time 0 through day 30, of a dog which underwent a 50% hemorrhage 
10 followed by immediate replacement with an equal volume of a cross-linked hemoglobin solution of the 
present invention and a second 50% hemorrhage followed by replacement with an equal volume composed 
of a cross-linked hemoglobin solution of the present invention and a 5% albumin solution, mixed in equal 
parts. 

Figure 14 is a graphic representation of Table V of Example VIII. The ordinate represents the 
15 percentage of total Invention Hemoglobin remaining in each one of its compositional subgroup molecular 
weights. The abscissa represents time in hours. 

Figure 15 is a graphic representation of the data collected from the experimental work of Example IX. 
The graph demonstrates that as red blood cells are progressively exchanged for Invention Hemoglobin, 
beginning at or below a hematocrit of 20%, there is an expected increase in the total plasma hemoglobin 
20 concentration. 

Figure 16 is a graphic representation of data collected from the experimental work of Example IX. 
Seven test animals and six control animals were exchanged from initial hematocrit levels with non-oxygen 
bearing volume replacements (i.e., Ringer's lactate and hydroxyethyl starch solutions) down to approxi- 
mately 20%. Both groups showed a similar decrease from initial values to approximately 20%. Below 20%, 

25 the control gorup showed a progressive decrease in arterial oxygen content associated with progressive 
decrease in hematocrit. The six control animals did not survive. In contrast, the test group displayed 
noticeably higher arterial oxygen content which was maintained despite the progressive decrease in 
hematocrit. The seven test animals survived and appeared clinically normal. In Figure 16, the ordinate 
represents arterial oxygen content while the abscissa represents hematocrit. 

30 Figure 17 is a graphic representation of experimental data collected from Example IX. The ordinate 
represents mixed venous oxygen content, while the abscissa represents hematocrit. 

Figure 18 is a graphic representation of data collected from Example IX. The ordinate represents 
contribution to oxygen content; the abscissa represents hematocrit. The graph demonstrates the contribu- 
tion of Invention Hemoglobin and of sheep red blood cells to arterial oxygen content at various hematocrit 

35 levels. In the seven test animals, as Invention Hemoglobin increased and hematocrit decreased, an increase 
in percentage of arterial oxygen content was contributed by the Invention Hemoglobin. At hematocrit levels 
in the range of 3%, almost 90% of arterial oxygen content is contributed by the Invention Hemoglobin, with 
the remainder being contributed by the residual sheep red blood cells and diluted plasma. 

Figure 19 is a graphic representation of oxygen delivery during exchange transfusion. The ordinate 

40 represents the percent of initial value; the abscissa represents time in hours. During the first exchange with 
Ringer's lactate solution, hematocrit as well as oxygen delivery decreased. At this point (-►), exchanges 
were begun with Invention Hemoglobin solution. While sheep hematocrit decreased further, oxygen delivery 
increased back towards baseline levels, in association with Invention Hemoglobin solution infusion. This 
demonstrates that at the end of the exchange, oxygen delivery is due principally to the Invention 

45 Hemoglobin and not to the residual hematocrit (approximately 3%). 

Figure 20 is a graphic representation of data collected from Example X. In both Figures 20(A) and 20- 
(B), the ordinate represents hematocrit percent to blood volume while the abscissa represents time in 
minutes. Both the test and control groups showed a similar decrease in hematocrit during the exchange 
transfusion. 

60 Figure 21 is a graphic representation of experimental data collected during the course of Example X. 
Figure 21(A) is data collected from four test dogs, while Figure 21(B) is data collected from three control 
dogs transfused with hydroxyethyl starch solution (HES). The test group shows a progressive increase in 
plasma (free) hemoglobin to approximately 6 percent during exchange, in contrast to the control group. The 
ordinate represents the grams per 100 ml. of blood volume. 

65 Figure 22 is a graphic representation of data collected from Example X. Comparison of four test dogs 
(upper figure) and three control dogs (lower figure) demonstrates that the test animals receiving Invention 
Hemoglobin maintained stable cardiac outputs in contrast to the control group which showed Increasing 
cardiac output associated with declining hematocrit and arterial oxygen content. In Figure 22, the ordinate 
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represents the liters per minute of cardiac output (flow) while the abscissa represents time in minutes. 

Figure 23 represents a graphic representation of data collected during the performance of Example X. A 
comparison of four test dogs (upper figure) and three control dogs (lower figure) shows reduced but 
adequate and well-maintained arterial oxygen content during the exchange in the test group in contrast to 
5 the control group, which had progressive decline in oxygen content associated with the decreasing 
hematocrit. In Figure 23, the ordinate represents arterial oxygen content while the abscissa represents time 
in minutes. 

Figure 24 represents a graphic comparison of four test dogs (upper figure) and three control dogs 
(lower figure). The ordinate in Figure 23 represents venous oxygen content while the abscissa represents 
10 time in minutes. The test group shows reduced but adequate and well-maintained venous oxygen contents 
during the exchange in contrast to the control group which had progressive decline in oxygen content 

associated with the decreasing hematocrit. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

75 

The product of the present invention comprises a mammalian blood substitute which is a cross-linked 
hemoglobin solution having a molecular weight distribution of greater than 90% in the range of 68,000 to 
500,000 Daltons, osmolarity as measured by freezing point depression in the range of 180-320 milliosmoles 
per liter of solution, a final hemoglobin content of 5-25, preferably 9-13 grams per deciliter, a 

20 methemoglobin content of less than 20% and preferably less than 10%, physiologic levels of sodium 
chloride and potassium chloride, less than 1 nanomole of phospholipid per milliliter, less than 1 part per 
million of cross-linking agent, a P50 in the range of 2399.4-4798.8 Pa (18-36 Hg), preferably 3211,2-4281,6 
Pa (24-32 mm Hg), and an intravascular half-life of at least 4 days, with at least a portion of the material 
remaining in the body for at least 6 to 8 days. 

25 The term "P50" is recognized in the art to describe the interaction between oxygen and hemoglobin 
and represents the partial pressure of oxygen (p02) at a 50% saturation of hemoglobin. This interaction is 
frequently represented as an oxygen dissociation curve with the percent saturation of hemoglobin plotted on 
the ordinate axis and the partial pressure of oxygen in Pa [millimeters of mercury (mm Hg) or torrs] plotted 
on the abcissa. 

30 By the term "intravascular half-life" is intended the period of time in which the initial amount of 
hemoglobin in an in vivo environment falls to half its initial value. 

The blood substitute is further characterized by a cross-linking profile on gel permeation chromatog- 
raphy of 50-70% cross-linking, with no material having a molecular weight of less than 68,000 being 
detectable. 

35 The profile for gel permeation chromatography of the blood substitute can be characterized by 
integration from low molecular weight to total excluded volume where the amount of cross-linking is from 
50% to 75 or 80%. A preferred embodiment of the invention shows a molecular weight distribution of 
greater than about 90% in the range from 68,000 MW to 500,000 MW where no more than 10 to 15% of the 
material is in the excluded volume which is in the range of 400,000 to 500,000 MW and higher. After careful 

40 filtration, the gel permeation chromatogram also shows that almost none of the material, if any, is below the 
68,000 MW level. The initial 68,000 molecular weight peak of pure hemoglobin as measured by gel 
permeation chromatography is broadened after polymerization such that the retention time of 68,000 MW is 
somewhat complexed so that it is larger - up to 90,000 MW. Integration can be performed on this final peak 
such that it is found that at least 20% will be In the 68,000 MW range. This fraction does not cause a toxic 

46 response in the animal, but is merely excreted by the kidneys and can be shown in the urine upon 
sampling. 

Additionally, the blood substitute is substantially endotoxin free and pyrogen free as well, and does not 
cause any of the following abnormal and detrimental chemical and physiologic functions in vivo: (1) does 
not activate complement; (2) does not cause hemorrhagic disorders; (3) does not cause abnormal platelet 
60 function or aggregation; (4) does not cause abnormal prothrombin times (PT); (5) does not cause abnormal 
partial thromboplastin times; (6) does not interfere with blood typing or cross-matching; (7) is non-toxic to 
the kidneys in 3.5 grams per kilogram per body weight or 8 grams per deciliter circulating blood volume; (8) 
exhibits circulating persistence of at least seven days; and (9) acts as a stimulus to accelerated 
erythropoiesis. 

65 By the term "blood substitute" is intended to be a material having the ability to transport and supply 
oxygen to vital organs and tissues and to maintain intravascular oncotic pressure. Accordingly, the term 
encompasses materials known in the art as "plasma expanders" and "resuscitation fluids" as well. 

The term "cross-linked" or "polymerized" is intended to encompass both inter-molecular and in- 

8 


EP 0 277 289 B1 


tramolecular polyhemoglobin, with at least 50% of the polyhemoglobin of greater than tetrameric form. 

The term "endotoxin free", for the purposes of the present Invention, may be described functionally as 
a blood substitute which contains less than 1.0 endotoxin units per milliliter of solution, at a concentration of 
10 grams of hemoglobin per deciliter of solution. This blood substitute, when used as a replacement for 

5 approximately one-third of the total blood volume of a rabbit, produces a percent change in blood platelet 
levels, over time, which is substantially similar to Curve delta-delta of Figure 2, or a percent change in white 
blood cell levels, over time, which is substantially similar to Curve delta-delta of Figure 3, or a percent 
change in fibrinogen levels, over time, which is substantially similar to Curve delta-delta of Figure 4, or a 
percent change in pro-thrombin levels, over time, which is similar to Curve delta-delta of Figure 5, or a 

10 percent change In serum creatinine levels, over time, which Is substantially similar to Curve delta-delta of 
Figure 6. 

In a preferred embodiment, the "endotoxin free" blood substitute of the invention will contain less than 
0.5, and preferably less than 0.25, most preferably less than 0.02 endotoxin units per milliliter of solution 
(EU/ml) as measured by the Limulus Amebocytic Lysate (LAL) assay. The LAL assay is described by 
75 Nachum et al ., Laboratory Medicine , 13:112-117 (1982) and Pearson III et al.. Bioscience , 30:461-464 
(1980). 

By the term "endotoxin(s)" is intended the generally cell-bound lipopolysaccharides produced as a part 
of the outer layer of bacterial cell walls, which under many conditions are toxic. When injected into an 
animal, endotoxins cause fever, diarrhea, hemorrhagic shock, and other tissue damage. 

20 By the term "endotoxic unit" (EU) is intended that meaning given by the United states Pharmacopeial 
Convention of 1983, Page 3014, which defined EU as the activity contained in 0.2 nanograms of the U.S. 
reference standard lot EC-2. One vial of EC-2 contains 5,000 EU. 

The present invention further Involves the process for producing the semi-synthetic, substantially 
stromal-free blood substitute. The process comprises the steps of (1) obtaining the blood raw product, (2) 

25 fractionating the blood raw product to produce a red blood cell fraction which is substantially free from white 
blood cells and platelets, (3) mechanically disrupting the red blood cell fraction to produce a hemoglobin- 
containing solution, (4) clarifying the hemoglobin-containing solution to produce a hemoglobin solution 
which is substantially free of cellular debris, (5) microporously filtering the hemoglobin solution which is 
substantially free of cellular debris to produce a partially sterilized hemoglobin-containing solution, (6) 

30 ultrafiltering the partially sterilized hemoglobin-containing solution to produce a size-separated hemoglobin- 
containing solution, (7) chromatographically separating the size-separated hemoglobin-containing solution to 
produce a hemoglobin substantially free of phospholipids and non-hemoglobin proteins, said hemoglobin 
retained on the chromatographic column, (8) eluting the substantially phospholipid-free hemoglobin from the 
column to produce a substantially endotoxin-free hemoglobin solution, (9) cross-linking said substantially 

35 endotoxin-free hemoglobin solution to produce the cross-linked blood substitute, and (10) partially separat- 
ing the cross-linked blood substitute by filtration, all steps done in a substantially endotoxin-free environ- 
ment. 

Each of the process steps will be described in greater detail below. 
40 I. THE PROCESS 
A. Blood Collection 

Starting point in the present invention is an erythrocyte (red blood cell) source. As such, the starting 
45 material may be freshly drawn human blood, outdated old blood from blood banks, placentas, or packed 
erythrocytes obtained from human donor centers. Additionally, erythrocytes obtained from animal blood are 

entirely suitable as well. Accordingly, blood from a variety of sources such as bovine, ovine, or porcine may 
be used. Because of its ready availability, bovine blood obtained from slaughterhouses is the preferred 
erythrocyte source. 

50 The unique approach of the present invention has required special techniques in the collection and 
handling of blood in large quantities. Large collection trochars are used which extract the blood in a sterile 
manner. The trochars require careful insertion and handling and are connected to tubing approximately 2 
feet in length. In order to insert the trochar the hide must be cut away, peeled back, and the trochar then 
inserted in the animal's major vessels close to the heart with care not to puncture the esophagus. Avoding 

65 the introduction of bacteria and the maintainance of endotoxin-free or low endotoxin level material is 
important. This is accomplished using individual containers that are pre-charged with an anticoagulant and 
that are depyrogenated and re-checked for endotoxins. Typical anticoagulants include sodium citrate. In all 
cases, endotoxin levels of the containers must be less than .01 endotoxin units as detected by LAL. 
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This solution is then charged to small vessels that can hold between 7,57-37,85 i (2 to 10 gallons) of 
gathered blood in a sterile manner and, therefore, maintain the blood in an endotoxin-free state. The 
collected blood in its container is capped off immediately to avoid exposure to the environment. Upon 
completion of the collection process, the material is chilled, typically to approximately 4"C, to limit bacterial 
5 growth. There is no pooling of blood at this time; the blood is later checked for endotoxins and sterility to 
ensure that (1) no one cow is sick; or (2) a bad collection technique has not contaminated the entire batch 
or collection for that day. 

B. Red Cell Separation 

10 

The blood is brought to a processing center at which time each vessel is sampled and checked by LAL 
analysis for endotoxin levels. If the endotoxin level is higher than 6-7 EU per ml the blood Is discarded. 
Only if the individual blood container tests at below that endotoxin level is the material approved for 
secondary processing. 

75 Typical secondary processing of the prior art was to suspend the blood (ACD anticoagulated blood) in a 
saline solution of physiologic salt concentration and centrifuge in order to separate effectively the plasma 
proteins and white cells from the red cells. This suspension process is performed through several 
"washing" steps, I.e., 2-4 times, in an attempt to remove all free proteins. In the process of the present 
invention, however, it was found that this approach was untenable for practical manufacturing scale up; in 

20 fact, to separate the hemoglobin product free from many contaminants, it is not necessary to do this 
washing process at all. 

In the preferred process, the whole blood from the animal, once it has been checked for endotoxins, is 
passed through a semi-continuous type centrifuge where the red cells, white cells and plasma can be 
effectively separated on as large a scale as desired. The process employs a bowl-type semi-continous 

25 centrifuge where the bowl is maintained at 15,000 to 18,000 rpms, i.e., a Sharpies AS-15 unit. The bowl and 
the top configuration are set up with an opening at a particular radius that permits a discrete layer 
separation such that red cells, white cells and plasma can be removed through the operation. While the 
Sharpies bowl-type centrifuge is preferred, typical separation apparatus also suitable include basket 
centrifuges such as are manufactured by Beckman Instruments. 

30 To prepare for this operation the centrifuge is depyrogenated, i.e. using, typically, a 0.5 molar sodium 
hydroxide for at least 1 hour prior to installation into the machine housing container. The top spouts or 
collection devices are handled in a similar fashion, thus allowing for complete depyrogenation of all contact 
surfaces the blood may encounter. Once the parts have been put through the depyrogenating process, the 
system is assembled. A lobe pump or peristaltic pump with sanitary design is used to flush fluid through 

35 the entire system and collection ports; typically, a solution of 0.5 molar sodium hydroxide is used, but other 
depyrogenating solutions known to the art are suitable as well. At the completion of the flush, it is necessary 
to reduce the pH to range which is conducive to the handling of the hemoglobin solution. This is 
accomplished through a water purge which reduces the pH to a range of approximately 7-9. In some cases 
it has been necessary, because of density differences between the depyrogenating solution and water, to 

40 use an acid solution to help neutralize the strong base employed in the depyrogenation step. All these 
solutions must be depyrogenated and checked prior to use in the washes. 

Once the pH level hs been brought below 9, samples are obtained from the effluent streams of the 
centrifuge and endotoxin testing is performed. When an endotoxin level of 0.01 EU/ml or less is achieved, 
the system Is ready for the separation of the blood. However, in this separation it Is critical that the flow rate 

45 of the blood into the centrifuge be at a sufficient rate to limit the amount of sedimentation of red blood cells 
caused in the Sharpies centrifuge. If the flow rate Is too low, the red cells will settle into the bowl of the 
centrifuge and not be separated or collectible into a separate container. In a centrifuge with a 4" diameter 
bowl, a flow rate in excess of 2.5 to 3 liters per minute, but not exceeding 6 liters per minute, is required to 
limit sedimentation. If a larger bowl or different g forces are employed, then different flow rates are required, 

60 the particular parameters being within the skill of the art. 

Once all parameters have been established, the blood form the various batches or various cows is 
introduced into the system and the effluent (separated red cells) is collected under sterile conditions in a 
separate container. However, at this point the effluent is pooled and is no longer treated on an individual 
animal basis. To eliminate any variations of pH or potential initial entrapment of bacteria on the centrifuge, 

55 positive pressure sterile nitrogen is applied to the chamber where the bowl is spinning. For true sterilization 
of the system, a steam sterilization cycle may be applied by introducing steam into the bowl spinning 
chamber and steaming for up to an hour prior to use. After completion of steaming, the system is cooled 
i.e., through glycol coolant tubes, typically to approximately 4'C. (After harvesting from the animal, it is 
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important that the blood be brought to and maintained at a temperature just above freezing, typically 
approximately 4 • C). 

In the separation of the red cells it is important that the collection chamber, i.e., spout area, where the 
red cells are collected at the top of the high speed spinning bowl, be configured such that high impact of 

5 the cells occurs. In striking these surfaces, the red cells become broken through a mechanical degradation, 
as opposed to using a hypotonic solution. (In a hypotonic solution, the red cells swell and cause the 
membrane to rupture from hydraulic forces.) This is a change from the normal operation of swelling cells to 
lyse them by hydraulic pressure, to one of mechanical degradation. This mechanical degradation is 
extremely rapid and does not generate the high degree of free small cell membrane components found by 

10 other methods. The red cells are collected in a vessel and prepared for the second centrifuge operation. 

C. Red Cell Clarification 

Once the blood has been processed and the red cells have been separated from the white cells and 
75 plasma, the mechanically disrupted red cells are diluted using pure depyrogenated water which has been 
maintained at low temperature, i.e., approximately 4''C. Typically, disrupted the red cells are diluted by at 
least 50%. The red cells are then introduced into the second separation step; typically a similar type of 
centrifuge to the first operation may be used. In a preferred embodiment, a Sharpies centrifuge with a 4" 
bowl operating In a semi-continuous mode and spinning at 15,000 to 18,000 rpms Is used. The flow rate, 
20 however, is substantially decreased: 0.5 liters per minute or less is recommended. Unlike the first 
processing step, this step employs a different type of top configuration to the centrifugation bowl. No 
separation of two layers such as the plasma white cell and red cell composition is effected at this step. This 
clarification step results In the separation of all cell debris from the liberated hemoglobin solution. The same 
care taken in the first step for depyrogenation and sterility must be employed in the second step. Once this 
25 material has been collected from this second step, it is ready for microporous filtration. 

D. Microporous Filtration 

The microporous filtration must be operated differently than a pressure filtration mode. In a practical 

30 sense, pressure filtration is not acceptable to industrial scale processing of hemoglobin solutions. To 
employ microporous filtration successfully, either a plate and frame filtration or hollow fiber filtration system 
may be used, however. It must be operated such that the pressure drop across the membrane (the 
transmembrane pressure) is carefully maintained to within approximately 3,447*10^ Pa [5 pounds per 
square inch (psi)]. If the pressure drop exceeds the tolerance level by 1 to 2 psi, the membrane rapidly 

35 becomes plugged with the remaining cell debris and the flux rate across the membrane drops to an 
unacceptable level for Industrial purification in a semi-continuous mode. 

While tangential flow of this material across the membrane is at a flow rate of 2 to 5 liters per minute, 
the flux through the membrane is on the order of 0.1 to 0.2 liters per minute. This operational rate is 
maintained to eliminate cellular debris from building up on the membrane. When the concentration of 

40 solution tangential to the membrane decreases to less than 10% of the initial solution, the remaining 
solution Is discarded or It Is re-diluted with water to extract additional product and thereby produce a higher 
yield of hemoglobin from the system. 

The filtration system may utilize lobe or peristaltic pumps with sanitary design, thus decreasing the 
limiting seals and shafts that may cause Introduction of bacteria and pyrogen contamination. Other pump 

45 designs known to the art for sanitary pumping may be used, however. Such pumps include centrifugal, 
gear, and tubular diaphragm pumps. 

The membrane systems are pre-treated to ensure depyrogenation and proper pH. If handled improp- 
erly, pyrogens are added at this point and it becomes more and more difficult to remove them throughout 
the remaining processing steps. Depyrogenation and pH control Is accomplished by using standard 

60 sanitation procedures and depyrogenation procedures, i.e., typically with sodium hydroxide and voluminous 
washings with pyrogen-free water to bring the pH to within acceptable ranges for handling of the 
hemoglobin solution (<pH 9). While handling of a transmembrane pressure limitation in such a manner is 
not well known and has only been practiced in the last few years on a selected basis with tissue fluid 
processing, suitable techniques are within the skill of the art. 

66 In a preferred embodiment, a filtrate side restriction is employed such that flux rate is limited to its 
steady state (non-plugging) condition. If a fluid stream is applied to a tangential flow membrane system, and 
the Inlet pressure Is approximately 1,379*10^ Pa (20 psig). the outlet pressure Is 0 Pa. and the filtrate side 
of the membrane Is 0 Pa, giving an average transmembrane pressure (ATP) of 0,689*10^ Pa (10 psi)., the 
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solution to be filtered has a tendency to fill and extrude into the porous nriembrane surface. It will essentially 
plug the membrane and will not ber swept clear by the tangential shear created by the cross-flow of fluid. 
By restricting the outlet (filtrate) so that the ATP is only 0,0689-0,1379 Pa (1 to 2 psi), the tangential flow 
sweeps the surface clear and flux across the membrane remains constant yet low when compared to initial 

5 flux rates with high ATP. The flow under steady state conditions may be 0.2 liters per minute, with 0,0689- 
0,1379 Pa (1 to 2 psi) ATP, and 1 to 1.2 liters per minute with 1,379*105 Pa (20 psi) ATP. However, the 
1,379*10^ Pa (20 psi) ATP will stay constant and cause the flux to rapidly fall to zero flux within minutes. 

With the completion of this first microporous filtration step, the solution has been at least partially 
sterilized and substantially all cell debris above 0.45 micrometer has been removed. In some cases it may 

10 be required to make the solution sterile at this point. In these cases, after the 0.45 micrometer microporous 
filtration has been completed a 0.22 micrometer filtration may be employed in the same manner as the 0.45 
micrometer filtration. The resulting solution is now ready for the molecular separations which follow. 

E. Ultrafiltration 

75 

The next step includes the careful staging of 100,000 molecular weight filtration (measured in Daltons) 
using membranes which effectively retain everything greater than 100,000 molecular weight and which 
permit everything less than 100,000 molecular weight to pass through. Typical membranes are commer- 
cially available from Millipore Corporation, and are sold under the trade name Durapore. Everything below 

20 these levels is filtered through the membrane system. Hemoglobin (approximately 67-68,000 molecular 
weight) passes through this membrane system and is collected in tankage. 

This large membrane filtration operation requires careful monitoring because, over a period of hours, 
the membrane will become plugged and filtration flux will decrease rapidly. It is, therefore, necessary to 
flush the membrane on a regular basis with a pure water solution. The flushing reduces cell debris which 

25 may otherwise coat and occlude the membrane, thereby reducing hemoglobin solution flux rate. The 
tangential cross-flow time cycling over this membrane can be up to 2 hours and does not affect the 
methemoglobin level or the viability of the hemoglobin for its intended purpose. When the fluid volume after 
the microporous filtration ahs been reduced to approximately 30% of its volume during ultrafiltration, sterile 
pyrogen free water may be added to obtain greater yield of hemoglobin solution. Maximum dilution is about 

30 50%. This material may also be discarded. If the 30% original material is diluted, it again may be reduced 
to about 30%, at which time it is discarded. The filtered intermediate is held in sterile, pyrogen-free tankage 
for subsequent operations. A typical device for effecting the ultrafiltration step is a Millipore® Pellicon 
cassette with a Durapore® membrane; however, other devices known to the art may be used as well. 

The next ultrafiltration step, requires a removal of material below 68,000 molecular weight. This isolates 

35 small molecule hemoglobin and other small proteins that may have been carried over from the whole blood 
plasma. In all cases the hemoglobin solution is maintained at a concentration of about 5 to 15 grams per 
deciliter. Filtration accomplished at this step provides some degree of concentration. At high concentration, 
low flux rates are exhibited. In both ultrafiltration operations where 100,000 mw and 30,000 mw membranes 
are employed, the necessary depyrogenation steps and subsequent checking after washing with pyrogen- 

40 free water are usually required. 

In the 100,000 mw separation step pyrogens may be removed since some pyrogens are between 
100,000 and 1 million mw. With the depyrogenation of the 30,000 molecular weight membrane and the 
preparation of this membrane packet for its filtration process, the hemoglobin solution has passed over this 
tangential flow system to allow the perfusion of small molecules through the membrane. Recycle may or 

45 may not be used in this operation, although it is required in the 100,000 mw filtration step. The retentate 
(material retained), is held in a storage tank and checked for endotoxins. In all cases the endotoxins must 
be below 0.5 EU per ml because subsequent operations makes removal of high levels of pyrogens quite 
difficult. This material is stored under a sterile nitrogen or argon atmosphere that maintains stability in the 
tankage system. Typically the methemoglobin level is below 1% at this point in the process. The filtration 

60 Steps must be performed at low temperatures, typically at about 4°C. Following the filtration, the material is 
either frozen or directly aliquoted to lot sizes for large scale chromatographic processing. 

F. Chromatography 

55 Prior to the chromatographic separation, the material is in a concentrated state of not less than 2 grams 
per deciliter and not greater than 1 1 grams per deciliter. The chromatographic system includes pumps, a 
gradient generator, columns and detectors. 

A typical pumping system comprises a diaphragm pumping system with a range of 1 to 5 liters per 
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minute pumping capability. Such a system includes a Pulsafeeder 8480 stainless steel diaphragm pump or 
equivalent. For the feed system a smaller pump is used where the flow will range from 0.1 liters per minute 
to 1.5 liters per minute. This pump is typically a smaller volume pump and would be of a tubular diaphragm 
design. A typical pump for this operation is a Pulsafeeder 7120. To configure the chromatographic system 

5 such that it operates properly it is required that two large systems are assembled so that on would be used 
as the operating system for chromatographing the material while the other system is used for flushing, 
cleaning and regeneration of the column. 

A solvent composition generation system has been fabricated and is comprised of flow control valves 
that deliver to the applicable pumping system a proportional amount of two fluids generating a fluid 

10 composition gradient over time of a specific ionic strength. Ionic interaction is used to effect an ion 
exchange chromatographic separation on the column system. Fabrication of this or equivalent systems is 
within the skill of the art. 

A typical flow control valve is a Baumann flow control valve, which has been programmed to operate 
using a standard programmable controller, for example a Texas Instrument 530 programmable controller. All 
75 piping and tubing to the system is a sanitary nature and made of 31 6L tubing approximately 1/2" to 1" in 
diameter. The feed system through the gradient generator and through the pump are presented to a 
separation segment or column as is known in the art. 

The column is typically made from stainless pipe. The stainless pipe can be interconnected with tubing 
of 1,27 cm (1/2") diameter, such that it will comprise one long column for effecting a separation. The pipe 
20 or column is typically lined with teflon to give compliance to the internal surface which is helpful in effecting 
packing of the media internal to the column system. 

The chromatographic system effluent can be monitored by a splitting of the stream and passing that 
small representative amount through a refractive index detector like a model R401 from Waters Associates 
or an ultraviolet detector, typically a 441 Waters Associates model number. These systems can be used to 
25 monitor the effluent stream from the column to detect the point at which the protein of interest is being 
eluted. 

Once all parameters have been estabilished and guidelines have been set, there is no need for a 
detector in the system and fraction collection may be achieved through simple time elution profiles. 

These materials may be either fabricated or purchased from various suppliers of industrial grade piping 

30 and tubing. The column is fabricated to achieve uniform distribution of sample being presented to the top of 
the column and, in conjunction with that, uniform sample collection from the effluent of the column. The 
length to diameter ratio is significant in that creating a column that is too long or too short will significantly 
affect the efficiency of the separation and equilibration for doing the ion exchange. 

The column is comprised of separation media which allows for some irreversible adsorption of 

35 phospholipids (irreversible in the simple operation mode) and a discrete ion exchange separation using a 
specified gradient elution pattern of solvent. The separation media comprise particles of silica gel of from 
about 50 to 150 microns in size; the flow across this material is in the range of about 2.5 liters per minute. 

The silica gel is of an average pore size of 30 nm (300 Angstrom) units, as measured by BET nitrogen 
absorption. This silica gel is available from various manufactuers i.e., W.R. Grace Davison Chemical Co. 

40 This gel is the preferred substrate on which to build the derivatized surface which gives the functionalized 
property for separation of the hemoglobin solution. 

To produce the separation media, it is necessary to derivatize the silica surface first with a special 
silane which creates a diol chemical type surface on the silica surface. This diol can be typically achieved 
by creating a glycidoxypropyltrimethoxysilane coating to the surface, with techniques which are well known 

45 in the field of chromatography, typically by suspending the silica and the silane in a vessel which has been 
partially diluted with water. The reaction is a water base reaction and this polymer will coat onto the surface 
of the silica. This reaction to coat the silica requires a 20 hour reaction time at approx. 70 °C. Once this 
coating has been achieved on the silica, the material may be simply washed by a series of methanol and 
acetone washes to create a clean permanently bonded, diol coated silica. The material is then dryed and 

50 prepared for the second step or series of steps where different monomers are coated onto the surface and 
the surface will be derivatized to have a quaternary amine type surface property for doing or performing the 
specific kind of ion exchange separation. The organic stationary phase is a thin skin of cross-linked 
polymer. The cross-linked polymer that is put onto the surface is built up from two different hydrophilic vinyl 
monomers. For example, one may use a monomer such as n-methyl/alacrylamide in 48% water solution 

66 (Silar Labs), and methylamdiopropyltrimethylamonium/chloride. 

The two monomers have various capabilities; one monomer will copolymerize with another functional 
monomer, i.e., one having the ion exchange or absorption properties desired. It will cross-link with other 
polymer chains and anchor the cross-linked polymer to the silica surface. 
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The specific monomers chosen for this purpose have a vinyl functionality and a reactive groups that 
react in such a way that they can react with each other, forming the bridges that are necessary to coat to 
the surface and the coating of a stationary phase consisting of an amine functional group, thereby 
producing an ion exchange capability in the desired range. 

5 Once these two monomers have been suspended in the aqueous solution, as well as with a methanol 
solution of the silica, the suspension solution is evaporated away leaving the monomers coated onto and 
into the silica gel. At this stage the mixture is resuspended in a new solution which also includes a radical 
initiation system, such as a Dupont product, Vazo 64. To Initiate the reaction, the reaction mixture is heated 
to the point where it must be maintained at 70-75 ° C, no higher and no lower. 

10 At this temperature the reaction proceeds and the polymer is coated onto and bonded to surface, 
including the functional groups that produce the surface property used in the chromatographic media. When 
the reaction has been completed, it is necessary to remove unreacted monomer with a series of washes 
with several solvents, such as acetone and methanol. Following the completion of all these washes the 
material is dried and ready for use. 

75 A typical column diameter is 6" and a typical column length is 2 feet. However, suitable variations are 
within the skill of the art. The maximum operating pressure is 500 psi. The Injection Is made by pumping 
the solution onto the column, typically at a rate of 1 liter per minute for approximately 1 minute, then 
injection is terminated. Therefore, the load factor is no greater than 1 liter of material at 7 grams per 
deciliter. At the completion of loading the hemoglobin solution, an isocratic flow of buffer (e.g. tris buffer at 

20 pH 8.9 to 9.0) is applied to the column and continues to flow through the column until such time as the 
gradient or variable composition flow Is started. The buffer, as the primary eluant, is then diluted over time. 
Typically, the eluant is made up from a Tris buffer base solution which is made in a concentration of 1 .8 
grams per liter Tris with a pH of 8.6-9.2. The temperature range for elutlon is 3-1 0*C. These ranges are 
significant since changing the temperature range also changes the pH of the elutlon solution. The 

25 secondary solution for eluting the material of interest may be prepared using a solution of Tris buffer, highly 
purified in the same manner as the previous buffer. In addition, this buffer also contains salt to a 1 molar 
concentration. This solution is also pH adjusted to be identical to the original pH solution, which is in the 
range of 8.6 to 9.2. Release of phospholipids takes place prior to the elution of the hemoglobin, with 
endotoxins eluting after the hemoglobin peak of Interest has been collected. 

30 The chromatographic selection technique is done by UV absorption, refractive Index, typically using 
equipment as described above, or visible observation of the effluent stream. Typically, the first portion of 
the eluting hemoglobin is discarded to waste; then the collection of effluent begins and continues until the 
peak or the response has been reduced to 20% to 10% of its peak amplitude. This constitutes the fraction 
to be collected and the fraction of Interest for purification. If the collection point runs beyond the appropriate 

35 retention time, then other proteins and/or endotoxins may be collected and the product may be rendered 
unusable. Similarly, if collected before a peak retention time, the material may contain unacceptable levels 
of endotoxins. The phospholipid count abnd extraneous sub-components of hemoglobin are discarded, both 
the pre-retention peaks and the post-retained peaks. This collection process allows intermediate product 
material which has been diluted approximately 40 to 1, in a pH range of 8.9 to 9.0. 

40 In this pH range it is necessary to concentrate the material rapidly. In this dilute state, the appearance 
and formation of methemoglobin occurs at a rapid rate. To effect this concentration, a membrane of 10,000 
mw or less can be used. Either plate and frame tangential flow or hollow-fiber flow systems are acceptable. 
Typical systems include a Millipore® Pellicon cassette. When concentration levels of 7 to 10 grams per 
deciliter are achieved and a methemoglobin level of less than 1.5% are achieved, the fractions are collected 

45 for long-term storage. At this point the material may also be transported into a reactor system for the 
subsequent polymerization reaction. 

Following the collection In the chromatographic system, the chromatographic column undergoes a 
sequence of washes to prepare it for a second loading of unpurified material. If this column preparation is 
not performed, various subcomponents and contaminants will elute and render subsequent runs invalid. 

60 Typically, the wash Is accomplished by using a 100% pyrogen-free 0.5-1.0 molar NaCI wash for a period of 
at least 5 minutes, or 3 column volumes, and no more than 10 minutes, or 6 column volumes. At the 
completion of the buffer gradient and salt flush, the fluid phase Is returned to Initial conditions of 100% tris 
buffer which is 0.18 grams per liter of tris buffer, and pH is adjusted to approximately 8.9 ± .1 for the 
hemoglobin elution process. Although ranges of the hemoglobin pH have been studied, the 8.9-9 pH range 

55 of the chromatographic system yields the highest and best Isolation of a pure hemoglobin analogue. At 
lower ranges (8.6-8.4), hemoglobin is eluted in a pure state but the loadability of material onto the 
separation material is drastically decreased. At pH levels of 9.5-11, the formation of methemoglobin occurs 
at a rate which makes it untenable to maintain low methemoglobin levels. Further, there is the potential for 
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cross-contamination. Over a period of 2 hours the methemoglobin level may increase 5% at this higher pH 
range. The material eluting from the column is a hemoglobin solution which is substantially free of other 
proteins, endotoxins, and phospholipids. This material has utility in its own right as an intermediate product 
in the production of a cross-linked, endotoxin free, phospholipid-free semi-synthetic blood substitute. 

5 Long term storage of hemoglobin solution after concentration with sodium chloride and tris buffer has 
been carried out for periods of as short as 1 day and as long as 6 months. The results have shown no 
product degradation or increase in the methemoglobin level if the product is maintained at -20 'C. The 
solution, however, upon thawing over a 2 to 24 hour period, may exhibit an increase in methemoglobin. If 
left in an unfrozen state, the methemoglobin level will continue to rise. In other studies where material had 

10 low pH (pH 7 and below) the methemoglobin level increase is dramatic, i.e., a 10 percentage point increase 
within 3 hours. 

The hemoglobin solution typically has the following characteristics: 


HEMOGLOBIN SOLUTION SPECIFICATIONS 

Hemoglobin g/dl 

7- 15 

Oxyhemoglobin 

90 - 100% 

Carboxyhemoglobin 

0 - 2% 

Methemoglobin 

0 - 10% 

pH 

6.5 - 9.0 

Endotoxin EU/ml 

< 0.01 

Molecular weight daltons 

68,000 

Phospholipids TLC Plat iodine developed ~ clear 

< 1 nanomole/ml 

Amino Acid Analysis 

No foreign protein amino acids 

N-Terminal sequencing 

98%* conforms to Bovine hemoglobin sequence 

Page Gel 

Single Band? (no virus contamination) 

Salt concentrations may vary 


High performance chromatography 

99.9%* hemoglobin protein 


G. Polymerization (Cross-linking) Reaction 


When material has been either specifically allocated for polymerization reaction or has been thawed 
from the frozen state, it is introduced into a sterile pyrogen-free reactor having impeller blades positioned to 
effect rapid mixing and high shear. (A typical apparatus is a 3 liter Applicon fermenter with a flat bladed 
impeller positioned one inch from the bottom of the reactor and with 5 one-half inch baffles positioned about 
the reactor. This is necessary to prevent large polymer formation when the cross-linking agent is added.) 
The hemoglobin solution added to the reactor is put on a recirculation system and the hemoglobin solution 
is withdrawn from the reactor and passed across an exclusion membrane, typically a 10,000 mw exclusion 
filter, and returned to the reactor in a low O2 environment. (The reactor may be blanketed with an inert gas, 
i.e. argon.) This last procedure is accomplished by drawing a vacuum on the reactor and placing an argon 
blanket on the liquid in this reactor. Extreme caution is taken to eliminate introduction of bacteria at this 
point; the material is pyrogen-free, exhibiting no endotoxins by LAL analysis. 

A sterile pyrogen-free buffer (pH 8.9-9.1) is then added to the reactor through a depyrogenating 
membrane filter, typically a 10,000 molecule weight filter. Simultaneously a 10,000 mw concentration loop is 
cycled to balance the volume of introduced fluid and the exiting fluid from the reactor system. 

The reaction buffer which is being used to neutralize the high pH is a physiologic composition of 
sodium, chloride, and potassium, with typical values of 120 milliequivalents sodium, 120 mllliequivalents 
chloride and 4 milliequivalents potassium. The pH of the solution is adjusted with HCI and tris base to a pH 
of 4.7 to 5.2. If the pH is too low during the pH reducing process, large amounts of methemoglobin form at 
the point of introduction of the neutralizing acid solution. The filtration process is maintained until the pH 
has dropped to a range of 7.4 to 8.0 pH units in the reactor. At this time the introduction is terminated and 
the introduction of the cross-linking solution is made. 

Suitable cross-linking agents are disclosed in U.S. Patent 4,001,200 to Bonsen et al.. This reference 
summarizes several exemplary commercially available crosslinking reagents starting at column 6, line 66 
and continuing to column 8, line 49. The preferred class of cross-linking agents are those having aldehyde 
functionality, most preferably, dialdehydes, with glutaraldehye being the cross-linking agent of choice. 

Where glutaraldehyde is used, the glutaraldehyde is added, typically at a rate of approx. 100 milliliters 
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per hour. The glutaraldehyde solution is typically prepared by thawing a high purity specification glutaral- 
dehyde (stored at -20* C to 4* C) in a short, typically 2-5 minute, tinne frame. This solution, which preferably 
has approx. a 25% concentration of glutaraldehyde, is then added to pyrogen-free water, the proportions of 
which make up a solution which is preferably about 5 milliliters of a 25% solution diluted into 100 the rate 

5 specified above to the reactor and reaction mixture. 

The monitoring of cross-linking solution and its effects on cross-linking (polymerization) is done by gel 
permeation chromatography. The gel permeation chromatography requires the use of a 30 nm (300 
Angstrom) pore size hydrophilic packing material column with resolution capability of over 24,000 plates per 
meter. A typical column is available from Waters Associates; a typical packing material is Waters Protein 

10 Pak 300SW. The eluting chromatogram as recorded is integrated over the time of peak elution and 
quantitated against the starting material. Preferably, a cross-linking percentage of 50% to 70% is achieved. 
This number is determined by the percentage of material eluting from the column which is less than 
600,000 molecular weight (Daltons) and greater than 68,000 molecular weight (Daltons). 

75 H. Membrane Concentration 

Once greater than 50-55% cross-linking, as calculated by gel permeation chromatography, has been 
achieved, the solution is ready for 100,000 molecular weight membrane concentration. During this mem- 
brane filtration the tangential flow of the reaction mixture is passed over the membrane with a permeation of 

20 material which is 68,000 or less through the membrane system. This is performed until about a 25% 
reduction in fluid has been achieved. 

At the point when cross-linking is deemed to be complete, a quenching solution, i.e.. a solution of 
pyrogen-free lysine, pH 7, is added. The concentration of the lysine solution is 1 gram per liter. This lysine 
solution is added to quench the polymerization reaction of glutaraldehyde with hemoglobin and to complex 

25 with excess glutaraldehyde. It is also believed that this material will fix to unpolymerized glutaraldehyde 
bound to hemoglobin molecules. At the completion of this addition, molecular weight distribution is 
determined and found to have been stabilized as measured by gel permeation chromatography. Filtration is 
then started to remove excess lysine, excess glutaraldehyde and any other molecular weight species which 
is below 100,000 M.W. 

30 The gel permeation chromatogram of the initial non-cross-linked hemoglobin solution exhibits molecular 
weight sizes from 16,000 to 68,000 Daltons, with the largest amount at 88,000 Daltons. After filtration, there 
is some, not more than 50%, 68,000 Dalton hemoglobin and the appearance of material under 68,000 
Dalton molecular weight is not detectable. Filtration of the material after cross-linking also provides 
opportunity to balance the electrolytes and pH of the solution and thereby give a balanced physiologic 

35 solution for injection. 

At the completion of the filtration provess the material is removed from the system and bagged ready 
for freezing. At the completion of all processes and during the bagging, a sample of material is withdrawn 
for testing. 

40 II. THE PRODUCT 

Typically, the product has the following characteristics. The molecular weight distribution of the material 
has greater than 90% of the material in the range of 68,000 Daltons to 500,000 Daltons. Osmolarity as 
measured by freezing point depression is typically from 220 to 320 milliosmoles per liter of solution. The 

45 electrophoretic pattern exhibited on gel electrophoresis shows bands in 68,000 to 500,000 molecular weight 
range. The final hemoglobin content can be adjusted to 5 to 25, preferably 9 to 13 grams per deciliter and 
the methemoglobin level is under 20%, preferably under 10%. The ion concentrations of sodium chloride 
and potassium are nontoxic to the animal or to the species to be tested. Thin layer chromatography 
developed for the detection of phospholipids exhibit a clear plate upon developing by iodine staining. 

60 Phospholipids as determined by phosphoric acid reduction are non-detectable, with less than one nanomole 
per milliliter as the limit of detection. Gas chromatography is used as a quantitative measure for free 
glutaraldehyde. With detection of 1 part per million by gas chromatography as the limit, no glutaraldehyde 
may be detected. No protein other than hemoglobin is present as determined by gel chromatography and 
iso-electric focusing techniques. 

55 The solution generally has less than 0.01 endotoxin units per ml as measured by LAL (limulus 
amoebocytic lysate) assay with a .01 to .1 sensitivity scale, and is pyrogen-free by all testing. Rabbit 
studies have been performed on this material which exhibits the same characteristics as would be exhibited 
by a pyrogen free material in that no fever is exhibited by the rabbits. This material does not produce any 
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abnormal endotoxin response and other factors in the rabbits being tested as it related to hemorrhagic 
conditions done on a control group of rabbits which were then supplied with a pure plasma fraction of 1/3 
volume. It should be noted that in all cases, there was some elevated levels of enzymes and some 
histopathology that demonstrated changes in the organs. Most of these changes however, were deemed to 

5 be reversible and were, as mentioned earlier, similar to those found due to hemorrhagic conditions and 
replacement by a pure plasma protein fraction. This can be translated to a lack of endotoxin response and 
other factors in higher animals. The purity as monitored by high performance liquid chromatography using 
an ion exchange capacity for separation exhibits four discrete peaks which upon quantitation are consistent 
between batches regardless of the molecular weight distribution characterized by gel permeation 

10 chromatography. The substance produced exhibits life sustaining capabilities in oxygen transport as 
demonstrated by P50 values of 1,379*10^-3,746 Pa (20 to 28 mm Torr). Further, importantly, the 
hemogloblin solutions of this invention demonstrate less clinically significant vasoconstrictive properties than 
those demonstrated by other prior art cross-linked hemoglobin solutions. The material further exhibits 
properties of increased cellular appearance of red blood cells in various mammalian species, and does not 

75 cause any of the following abnormal and detrimental chemical and physiologic functions in vivo: (1) does 
not activate complement; (2) does not cause hemorrhagic disorders; (3) does not cause abnormal platelet 
function or aggregation; (4) does not cause abnormal prothrombin times (FT); (5) does not cause abnormal 
partial thromboplastin times; (6) does not Interfere with blood typing or cross-matching; (7) is non-toxic to 
the kidneys In 3.5 grams per kilogram per body weight or 8 grams per deciliter circulating blood volume; (8) 

20 exhibits circulating persistence of at least seven days; and (9) acts as a stimulus to accelerated 
erythropoiesis. The material is typically as characterized in the Table below. 


CHARACTERIZATION OF TYPICAL BLOOD SUBSTITUTE OF THIS INVENTION 

STERILITY 

NON-DETECTABLE ENDOTOXIN LEVEL 

Sterile by standard culture technique 
< 0.01 EU/ml sample when tested by LAL and 
compared against standard curve that ranges In 
sensitivity from 0.01 EU/ml to 0.125 EU/ml. 

BAG CONTENTS 

Na 120± 20 mllllequivalent CI 115± 20 
milllequlvalent K 4.0± 1 mllliequivalent 
Hemoglobin 11 grams ±2 per deciliter Lysine < 1 
gram/liter 

Glutaraldehyde ~ none detectable Tris <1.5 
gram/liter 

Pyrogen Free H20 volume ~ 450-500 ml Met 
Hemoglobin < 10% 
Phospholipid < 1 nanomole/ml 
Hemoglobin molecular weight distribution: 
% greater than 68,000 - at least 50% 
% greater than 500,000 - 8% ±2% 
Osmolarity by freezing point depression 220-320 
mllliosmoles per liter of solution 

CONTAINER 
STABILITY 

Fenwal Bag Code 4R2023 600 ml sterile, 
nonpyrogenic fluid path Supplied by Fenwal 
laboratories 

-20 ° C no change for greater than 8 months 4 " C 
5 days with methemoglobin level under 10% 


50 

III. UTILITY 


The blood substitute of the present invention may be utilized In a manner similar to the suggested prior 
art blood substitutes and blood expanders. Thus the blood substitute may be used for replacing blood lost 
by acute hemorrhage, to replace blood loss occurring during surgical operations, In resuscitation proce- 
dures after accidental blood loss, for supplying oxygen, and generally to maintain blood volume in related 
conditions. As a plasma expander, the blood substitute may be utilized in volume deficiency shock, an 
allevlant In anaphylactic and allergic shock, for replacing plasma lost after burns, and as a result of diarrhea. 
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The blood substitute of the present invention may be utilized as such for all mammalian species, but is 
particularly useful in the treatment of humans. The blood substitute of the present invention is miscible with 
recipient blood and its components, is substantially non-toxic, non-antigenic, non-pyrogenic, and, especially, 
substantially free of endotoxins and other cell-bound and cell-free proteins. Its colloid-oncotic properties 

5 make the product especially useful for maintaining the level of the blood and plasma in the management of 
disease states as well. Further, the material is extremely valuable in that it may be used without an 
accompanying risk of transmission of disease. Further, it is believed that the blood substitute of the present 
invention is devoid of the immunologic problems that are associated with the administration of whole blood, 
and does not cause any of the following abnormal and detrimental chemical and physiologic functions in 

10 vivo: (1) does not activate complement; (2) does not cause hemorrhagic disorders; (3) does not cause 
abnormal platelet function or aggregation; (4) does not cause abnormal prothrombin times (PT); (5) does not 
cause abnormal partial thromboplastin times; (6) does not interfere with blood typing or cross-matching; (7) 
is non-toxic to the kidneys in 3.5 grams per kilogram per body weight or 8 grams per deciliter circulating 
blood volume; (8) exhibits circulating persistence of at least seven days; and (9) acts as a stimulus to 

75 accelerated erythropolesis. The blood substitute of the present invention may be administered using 
techniques of administration which are conventional in the art, as disclosed in Blood Transfusion, by Hustis. 

As a blood expander, the blood substitute of the present invention may be mixed with water-soluble 
physiologically acceptable polymeric plasma substitutes such as polyethylene oxide, polyacrylamide, 
polyvinyl pyrrolidone, polyvinyl alcohol, and ethylene oxide-propylene glycol condensate. The material may 

20 also be mixed with colloidal plasma-like substitutes and blood plasma expanders such as linear polysac- 
charides, including dextrans having a molecular weight of 40,000 to 70,000, gum arable pectins, balanced 
fluid gelatin, and hydroxyethyl starch. 

Additionally, the blood substitute of the present invention may be used as an artifical oxygen exchange 
solution in conventional oxygenators. When used for assisting the circulation in ill patients, oxygenators are 

25 widely used to mechanically oxygenate venous blood extracorporeally, utilizing one or more pumps for 
maintaining circulation and for perfusion of oxygen by the exchange of gases between blood in an isolated 
vascular bed and oxygen across an oxygenation membrane. 

EXAMPLES 

30 

EXAMPLE I 

THE BLOOD PRODUCTION PROCESS 

35 In the following Example, the equipment identified in parenthesis Is further identified In the reference list 
which follows. Figures 1 A-1 H are a flow sheet for the process of this Example, with the equipment reference 
numbers of the Example corresponding to the Figure reference numbers. 

A. Blood Collection 

40 

The starting point was approximately 5 gallons of individual collection of erythrocyte (red cells) source, 
from slaughtered cows. Because of its ready availability the bovine blood obtained from slaughter houses is 
the preferred erythrocyte source. 

Collection trochars were used to extract the blood in a sterile manner; the animal hide is cut, peeled 

45 back and the trochars then inserted in the animals major vessels close to the heart. The introduction of 
bacteria was avoided and the maintenance of pyrogen-free or low-pyrogen level material was accomplished 
using individual containers of 25 liters that were precharged with depyrogenated sodium citrate as 
anticoagulant (0.5 liters). The collected blood was capped off immediately to avoid exposure to the 
environment. Upon completion of the collection process, the material was chilled to approx. 4'C to limit 

60 bacterial growth. There was no pooling of blood from different cows at this time. The blood was checked for 
pyrogens and sterility to ensure that (1) no one cow was sick or (2) that no contamination occurred during 
collection. The blood was transported in a refrigerated condition from the slaughter house to the process 
plant. 

55 B. Red Cell Separation 

Blood was pumped using Feed Pump (P-301) from collection containers at 2.5 to 6 liters per minute, to 
the Separation Centrifuge (CT-301) which was run at 15,000 to 18,000 rpm. The effluent from the centrifuge 


18 


EP 0 277 289 B1 


(separated red cells) was collected under sterile conditions in a 114 liter Dilution Tanl^ (T-301). At this point 
the effluent was pooled and was no longer treated on an individual animal basis. Sterile nitrogen was 
applied at positive pressure to the centrifuge to exclude bacteria. 

5 C. Red Cell Clarification 

The red cells were diluted in Dilution Tank (T-301) using Water-For-lnjection (WFI) which had been 
maintained at 4"C. The red cells were pumped by the Clarification Feed Pump (P-302) at leas then 0.5 
liters per minute for the Dilution Tank (T-301) to the Clarification Centrifuge (CT-302) which was run at 
10 15,000 to 18,000 rpm. This clarification step resulted in the separation of all cell debris from the liberated 
hemoglobin solution which flowed by gravity to the Serile Holding tank (T-392). 

D. Microporous filtration 

75 The hemoglobin was pumped from the Sterile Holding Tank (T-302) by the Stage I Microfilter Feed 
Pump (P-401) at 5 liters per minute through the Stage I Microfilter (F-401) (0.45 micrometer). The retentate 
from the filter was recycled to the Sterile Holding Tank (T-302). The filtrate was pumped at 0.5 liters per 
minute by the Stage I Microfiltrate Pump (P-402) into the Stage I Microfiltrate Tank (T-402). Tank T-402 
used in this microporous filtration stage was a glass vessel of 100 liter capacity and is equipped with Water- 

20 For-lnjection (WFI) and Caustic flushing connections, with sterile vent filters. The microporous filters are of 
plate and frame construction (such as a Millipore® Pellicon Cassette type) and were operated such that the 
average transmembrane pressure (ATP) was carefully maintained to between 1 and 2 pounds per square 
inch. While the tangential flow of the material across the membrane was 2 to 5 liters per minute, the flux 
through the membrane was on the order of 0.1 to 0.2 liters per minute. This operational rate was maintained 

25 to eliminate cellular debris from building up on the membrane. When the concentration of the solution 
tangential to the membrane decreased to less than 10% of the initial solution, the remaining solution was 
discarded. (Alternatively, it is re-diluted with Water-For-lnjection to achieve a high yield of hemoglobin from 
the system.) The solution was now ready for the molecular separations which followed. 

30 E. Ultrafiltration 

Hemoglobin was pumped from the Stage I Microfiltrate Tank (T-402) though 100,000 molecular weight 
stage I Ultrafilters (F-501A & B) using the Stage I Ultrafilter Feed Pump (P-501). The retentate from the 
filters was recycled to the Microfiltrate Tank (T-4Q2) and the filtrate was forwarded to the stage I Ultrafiltrate 

35 Tank (T-501). The flow rate on the retentate side was 5 liters per minute. The filtrate flow rate was 0.2 liters 
per minute. Hemoglobin was then pumped from the Stage I Ultrafiltrate Tank (T-501) using the Stage II 
Ultrafilter Feed Pump (P-502) through the Stage II (30,000 D) Ultrafilters (F-502A & B). The retentate either 
recycled to the Stage I Ultrafiltrate Tank (T-501) or forwarded to the Stage II Ultrafiltrate Tank (T-502). The 
filtrate was sent to waste. The tanks were glass vessels of 100 liter capacity with sterile vent filters and are 

40 provided with connections for washing with WFI and Caustic. Connections were provided beneath the Stage 
II Ultrafiltrate Tank (T-502) for flushing the downstream system with WFI and Caustic. 

F. Chromatography 

46 The chromatography stage was automated based on a TI-530 software package. Key variables were 
protected by a lock ensuring repeatability of the process operations. Hemoglobin was pumped from the 
Stage II Ultrafiltrate Tank (T-502) and injected onto the GDT Columns (C-601A-D) at approximately 1 liter 
per minute for a period of 1 minute utilizing the GDT Feed Pump (P-601). After injection of hemoglobin the 
gradient or variable composition flow was started and injected onto the column using Gradient Pump (P- 

60 602). The composition of the gradient flow was established utilizing computer-controlled proportioning 
valves. Release of phospholipids too, place prior to the elution of the hemoglobin, with endotoxins eluting 
after the hemoglobin peak of interest had been collected. Typically, the first portion of the eluting 
hemoglobin was discarded to waste. Then the collection of effluent was begun and continued until the peak 
or the response had been reduced to 20-10% of its peak amplitude. This constituted the fraction which was 

66 collected and the fraction of interest for purification. The gradient continued to run after hemoglobin 
collection to remove contaminants from the column prior to commencement of the wash cycle. The wash 
cycle through wash Pump (P-603) was comprised of a wash utilizing firstly Tris/NaCI, then WFI, then Tris, 
which re-equilibrated the GDT column prior to the injection/elution cycle. The hemoglobin was collected in 
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the GDT Tank (T-601), a 100 glass vessel, equipped with WFI and Caustic flushing connections and sterile 
vent filter. This solution is tetrameric in nature with over 99.9% in the 68,000 Dalton range as measured by 
native gel electrophoresis, and high performance liquid chromatography. The material Is pyrogen-free and 
has a methemoglobin level below 2%. The concentration is 0.2 grams per deciliter before concentration and 
5 can be concentrated to 20 grams per deciliter. 

G. Polymerization (Cross-linking) Reaction 

Material was pumped from the GDT Tank (T-601) by the Stage I Cross-Link Pump (P-803) through the 
10 10,000 molecular weight stage I Cross-Link Filters. The retentate was recycled to the DGT Tank (T-601). 
The filtrate was sent to waste. This step was continued until a concentration of 7 to 10 grams per deciliter 
was obtained and methemoglobin level was less than 1.5%. This material was bagged and frozen or 
pumped directly by the Stage II Fermenter Feed Pump (P-904) to the Stage II Cross-Link Fermenter (FR- 
902). Frozen material may be thawed and fed by gravity directly to the fermenter (FR-902). 
75 The processed material was pumped by the Stage II Cross-Linked Pump (P-605) through 10,000 
molecular weight Stage II Cross-Link filter (F-904). The retentate was recycled to the State II Cross-Link 
Fermenter (FR-902). The filtrate was sent to waste. The inside of the fermenter was maintained in a low 
oxygen environment by drawing a vacuum and blanketing with argon. The reactor system volume was 
maintained constant by simultaneously adding a sterile pyrogen-free buffer (pH 8.9-9.1) to the reactor 
20 through a depyrogenating membrane filter. This buffer was comprised of sodium, chloride, and potassium. 
The pH is adjusted with HCI and Tris base. The cross-linking agent (glutaraldehyde) was then added to the 
reactor. 

H. Membrane Concentration 


Once greater than 50-55% cross-linking, as calculated by gel permeation chromatography, had been 
achieved, the material was pumped by the Stage II Cross-Link Pump (P-904) through the 100,000 molecular 
weight Stage II Cross-Link Filter (F-905). The retentate was recycled to the Stage II Cross-Link Fermenter 
(FR-902), until about a 25% reduction is fluid volume had been attained. Electrolytes and pH were adjusted 
30 during the filtration stage to give a balanced physiologic solution for injection. 

The material was then flowed by gravity to the bag filling machine. Product was bagged for freezer 
storage. Analysis of three separate batches of materia! produced by the above process, but eliminating 
optional step E produced cross-linked hemoglobin solutions having the properties as set forth in the 
"RESULTS" section of Example IV. 


25 
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REFERENCE LIST 


P-301 
P-302 
P-402 
P-403 
P-501 
P-502 
P-601 
P-602 
P-603 
P-905 
T-301 


ALBIN SLR 107 P51 B1 Sanitary Lobe-Rotary Pump 


40 


Same as P-301 
Same as P-301 


Cole Parmer Masterflex Model 7019 Peristaltic Pump 


45 


Same as P-301 
Same as P-301 
Same as P-301 
Same as P-301 
Same as P-301 


50 


T-302 

T-401 

T-501 

T-502 

T-601 

CT-301 

F-401 


Albin SLP 110 P51 B1 Sanitary Lobe-Rotary Pump 

25 Gallon 31 6L Stainless Steel, Electro-Polished Interior Fab. by Thermo elec- 
tron Wisconsin, Inc. 
Same as T-301 

0-l/Schott 100L Cylindrical Glass Vessel (GER 100) 


Same as P-401 
Same as P-401 
Same as P-401 


55 


F-402 


Sharpies Model A-16 Type M-3500-520 2HHY CT-302 SAME AS CT-301 
Stainmless steel housing with sanitary pipe connections, fitted with millipore 5 
sq. ft. filtration cassettes 
Same as F-401 
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F-501 A/501 B 

F-502A/502B 

F-904 

F-905 

C-601A-D 

FR-902 

Bag Riling Machine 


Same as F-401 
Sanne as F-401 
Same as F-401 
Same as F-401 

Resistoflex 6" stainless steel TFE lined pipe and flanges 

3 liter applicon fermenter (H/D = 2). Agitation: 2-6 blade paddle impellers (1.5 cm 
X 1 cm paddles) 3 cm and 14 cm from the tank bottom, and 4 baffles. 
Model F-400-X Table Top Filling Machine, Cozzi Machine Company. 


10 EXAMPLE II 


MOLECULAR WEIGHT DISTRIBUTION 


This study was undertaken to determine molecular weight distribution of final product. Hemoglobin 
75 particles with M.W. more than 1 ,000,000 might cause some clinical problems in human and animals. One ul 
of final product (80 ug of protein) was diluted by 50, and this 50 ul was injected into Hewlett-Packard HPLC 
System. Water Data 740 Module Station was used to integrate results. 

Since 1960 the classical gel filtration technique employing soft and semirigid organic gels for protein 
characterization and purification has received progressively greater competition from high-performance size- 
20 exclusion chromatography (HPSEC). The breakthrough of HPSEC is associated with the development of 
highly efficient buffer-compatible columns operating at elevated back pressure. The columns are packed 
with rigid hydrophilic porous silica gel particles of pre-determined pore size distribution and a derivatized 
protein-compatible surface. The proteins elute in the sequence of decreasing molecule weight and size. 

Four pyrogen free batches of material with Hb concentrations below were used in the testing: 

25 


Batch No. 

Hb 

MET Hb 

2261 

10.3 

3.4 

2271 

10.4 

3.8 

2311 

11.3 

7.2 

2341 

9.0 

3.5 


The following protein standards were used: 

1. Blue dextran M.W. 2,000,000 

2. Aldolase M.W. 158,000 

3. Bovine Albumin M.W. 67,000 

4. Ovalbumin - M.W. 45,000 

5. Ferritin M.W. 540,000 

TEST SYSTEM 


45 


Columns: One Protein-Pak, 300 sw. Waters Associates 

Buffer : 0.1MkpH7.8 
Flow rate: 1 ml/min. 

HPLC System : Hewlett Packard, 1090 liquid Chromatograph 280 nm detector filter 740 Water Data 
Module Station 


Statistical Analysis 

Data was integrated using 740 Water data Module Station. Before adding glutaraldehyde Hb solution 
(50 ml) was injected and retention time 9.699 was assumed for Hb with 68,000 M.W. 

Retention time for blue dextran was around 4.8 min. Retention time for Hb solution 4.959 corresponds 
to M.W. of more than 1 ,000,000. 

Results 


Distribution of Molecular Weight: 
Wave length:254 
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Flow rate:1 ml/min 


Retention Time 

2261 

2271 

2311 

2341 

4.959 

9.4% 

7.8% 

8.9% 

8.5% 

5.165 

8.6% 

1 1 .07% 

5.2% 

3.7% 

7.362 

29.3% 

41 .9% 

33.3% 

33.5% 

8.259 

17.8% 

15.43% 

18.27% 

17.5% 

9.699 

34.9% 

23.8% 

34.33% 

36.8% 


10 

CONCLUSIONS 

All 4 batches of material showed very consistent distribution of molecular weight from batch to batch. 
The best Batch was 2271 with 23.8% non-cross-linked material and 7.8% particles with high molecular 
weight. 

The % of cross-linked material for the other 3 batches is: 


25 


Batch No. 

% Non-X-Llnked 

% Particles With High 



Molecular Weight 

2261 

34.9 

9.4 

2311 

34.3 

8.9 

2341 

36.8 

8.5 


At the same time percent of particles with high molecular weight is 9.4%, 8.9% and 8.5%. 
EXAMPLE III 

30 

ENDOTOXIN CONCENTRATION DETERMINATION 

The detection of endotoxin concentration within a cross-linked blood sample was tested by using the 
Limulus Amebocyte Lysate (LAL) Assay test. The LAL has been obtained from the extracts of the 

35 amebocytes of the horseshoe crab. The sample was tested to be positive or negative and was determined 
as such against an end-point reaction made by a series of dilutions of a reference endotoxin. A standard 
regression curve was made from colorimetric readings from the above-mentioned dilutions and the 
endotoxin content was determined from the interpolation from the curve. 

On January 18, 1980 (38 FR 1404), the FDA announced that Limulus Amebocyte Lysate derived from 

40 amebocytes of the horseshoe crab is now a biologic product and can be used in place of rabbits. LAL has 
provided to be a sensitive indicator of bacterial endotoxin or pyrogens within the product. Because of its 
high sensitivity in detecting endotoxins, products can be prevented from being administered to humans 
which could cause fever, shock and death if found too high in pyrogens. 

46 Test and Control Articles 


Four polymerized blood samples were tested using LAL assay test and found to be less than 0.01 
endotoxin units per ml. 


50 


Batch No. 

Eu/ml 

2261 

<0.01 

2271 

<0.01 

1311 

<0.01 

2341 

<0.01 


Materials: 
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1. Glass test tubes depyrogenated by baking in a 180°C oven for no less than 4 hours, preferably 24 
hours 

2. Limulus Amebocyte Lysate, Lot #372, Spectrozyme substrate (Cape Code Associates) 

3. Acetic acid - 50% solution, H2O used for injection, diluted sample of polymerized blood. 

5 

EXAMPLE IV 

ACUTE TOXICITY DETERMINATION 

10 Three batches of the blood substitute of the present Invention (Hb-I, Hb-ll and Hb-lll) referred to as 
hemoglobin below, and human plasma protein fraction (PPF), in a controlled study, were used to replace 
one-third of estimated blood volume in 4 groups of 6 rabbits each. 

This study was undertaken to evaluate the acute toxicity of the blood substitute of the present invention 
for intravenous administration in rabbits. The study is based in terms of (1) mortality, (2) morbidity, (3) 

75 pathophysiologic changes affecting the vital organs, (4) pathologic changes (gross), and (5) pathologic 
changes (microscopic). The study is designed to compare the effects of 3 batches of the blood substitute 
(Hb-I, Hb-ll, and Hb-lll) to those of human Plasma protein Fractions (PPF) following replacement of 1/3 
estimated blood volume in 4 groups of rabbits. 

20 EXPERIMENTAL MODEL 

New Zealand male rabbits of 4.0 Kg body weight; sedated with chlorpromazine, 5 mg/Kg body weight I.M.; 
restrained. 
Instrumented with: 
25 (a) urinary catheter 

(b) arterial line (one ear's artery) 

(c) venous line (one ear's marginal vein) 

(d) needle-electrodes for ECG 

(e) thermoprobe (subcutaneous) 
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EXPERIWEyXAL PRPTPgPL 

Sedation 

1 Instrumentation 

T]^ (baseline) § and * 
Bleeding 

2 Infusion of blood substitute 
§ 

T2 (15 minutes post-infusion) § and * 

e 

3 § 

T3 (1 hour post-infusion) 8 and * 
§ 

4 § 
§ 

5 % 
§ 

T4 (3 hours post-infusion) § and *; cannulae and 
electrodes removed; Animal returned to the cage 

24 T5 (24 hours post-infusion) § and * necropsy 

§ = measurement of hemodynamic parameters 
* « blood and urine samples 

Anesthesia. The animals were sedated with chlorpronnazine 0.5 mg/kg body weight injected I.M., 
restrained in a nnetal rabbit-holder and allowed to spontaneously breathe room air. Body temperature was 
maintained by placing the animal on an electric heating pad. 

Instrumentation. Plastic cannulae (22-gauge) were inserted Into both ears' central arteries (one con- 
nected to a pressure transducer to monitor the arterial blood pressure and the other used for removal and 
sampling of arterial blood) and the ear veins for the infusion of hemoglobin solution. Needle electrodes were 
placed in the limbs to monitor the electrocardiogram. A catheter was inserted into the urinary bladder for the 
measurement of urinary output and the collection of urine samples. A temperature probe was inserted 
subcutaneously to monitor body temperature. 
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Procedure. Arterial blood was removed in the amount of 20 ml/kg body weight (approximately 1/3 of 
estimated blood volume) and this amount was Immediately replaced with an equal amount of hemoglobin 
solution. All blood subsequently removed for laboratory testing was replaced with hemoglobin, 1:1, v:v. The 
animal was closely observed for a period of 3 hours (time necessary for the completion of the pyrogenicity 
5 test). During this interval, additional doses of chlorpromazine were administered as necessary to maintain 
the animal sedated, and an intravenous infusion of 5% dextrose in 1/4 normal saline was administered, 15 
ml/Kg body weight/hour, to replace water losses. 

Electrocardiogram, blood pressure and body temperature were monitored continuously and recorded at 
15-minute intervals. Urinary output was recorded at 30-minute intervals. Blood samples were taken at 
10 baseline, and 15 minutes, 1 hour and 3 hours after completion of the hemoglobin infusion. All monitoring 
lines were then disconnected and the animal was returned to its cage, where it was allowed water "ad 
libitum". Additional blood samples were taken at 6, 12 and 24 hours, with the animal again restrained in the 
rabbit-holder and using the ear arteries. After 24 hours, the animal was killed with an overdose of 
pentobarbital and a complete necropsy was carried out. Special attention was paid to the possible presence 
15 of hemoglobin pigment in the body cavities, including the anterior chamber of the eye. Sections were taken 
of all organs for histologic examination. 

The following tests were carried out on each blood sample: 

1) Complete CBC, including platelet cound (Coulter Counter), 

2) PTT (MLA 700); fibrinogen; fibrin split products 

20 3) Electrolytes (sodium, potassium, chloride and bicarbonate) (ASTRA Apparatus), 

4) Alakaline P-ase, LDH, SGOT and SGPT (ASTRA Apparatus) 

5) BUN and creatinine (ASTRA Apparatus) 

6) Osmolarity (Vapor pressure) 

7) Plasma hemoglobin concentration (Benzidine) 

25 8) Arterial Blood Gases (IL pH/Blood Gas Analyzer) 

9) Total Hb, Oxy-Hb, Met-Hb and 02 Content (IL 282 Co-oximeter) 

10) P50 (Aminco Hem-O-Scan) 
Urine was tested for: 

1) hemoglobin concentration (Benzidine) 
30 2) creatinine (ASTRA Apparatus) 

3) sodium and potassium (ASTRA Apparatus) 

By the timed collection of urine and the determination of plasma and urine creatinine, a Creatinine 
Clearance Test was carried out at the 3-hour interval post-hemoglobin Infusion. 
The data will be tabulated as shown in the following tables. 
35 Data Evaluation. The data obtained from the 6 animals in each group was tabulated as Mean Values ± 
Standard Errors. The statistical significance of changes related to time was evaluated by analysis of 
variance (Table III). Comparisons between the various groups of animals was made using Student's T-test 
for paired data (Table IV). The raw data for compiling Tables III and IV is presented in Tables I and II. 

40 METHODS 

(A) Mortality 

(B) Morbidity 

45 

Attention was paid to the development of the following manifestations: 


1 = 

anaphylactic shock 

2 = 

seizures or development of neurologic deficits 

3 = 

bronchospasm or pulmonary edema (immediate effects) 

4 = 

fever 

5 = 

hemoglobinuria 

6 = 

hyphema 

7 = 

lack of normal activity 

8 = 

depressison of normal functions (eating and drinking) at 24 hours 


(C) Pathophysiologic changes 

These changes were studied according to the following scheme: 
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1 . Clinical observations: 

a. body weight 

b. body temperature 
5 c. heart rate 

d. arrhythmias 

e. blood pressure (systolic) 

f. blood pressure (diastolic) 

g. urinary output 

70 

2. Laboratory data reflecting respiratory function: 

a. arterial blood pH 

b. Pa02 
75 c. PaC02 

d. Pbo 

3. Hemotology (Coulter); 

20 a. hematocrit 

b. hemoglobin 

c. WBC 

d. platelets 

25 4. Coagulation: 


a. fibrinogen 

b. fibrin split products 

c. FT. 

30 

5. Liver function: 

a. total bilirubin 

b. SGOT 
35 c. LDH 

d. SGPT 

6. Renal function: 


40 a. BUN 

b. serum creatinine 

c. serum electrolytes 

d. serum osmolality 

45 (D) Gross pathology 

At necropsy, attention was focused on hemoglobin extravasation: into the anterior chamber of the eye, 
the pericardium, the pleurae and the peritoneum. 

Heart, lungs, liver, spleen and kidneys were examined for gross signs of edema, congestion, hem- 
so orrhage and infarction. 

(E) Histopathology 

Section of heart, lungs, liver, spleen and kidneys were processed for, and examined by, light 
55 microscopy. 

A method of grading the histopathologic changes was developed in order to perform a statistical 
analysis of the data. 

The main change seen in the heart was represented by focal areas of myocardial contracture. Each 
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focal area found on a transverse section of the left ventricle was assigned a 1 + grade. 

In the lungs, pathology was also patchy. The main changes were represented by interstitial edema and 
cell infiltration ("interstitial pneumonia"). Grading was carried out fronn an overall picture of tissue involve- 
ment, as well as from the severity of changes observed in each involved area, developing a scale of 1-to-4. 

In the liver, the main alterations were represented by congestion and by centrolobular vacuolization. 
These changes were graded on a scale of 1-to-4 on the basis of both, the number of lobules involved and 
the extent of vacuolization starting from the centrolobular venule. 

In the spleen, congestion was the main finding. 

In the kidney, no glomerular alteration and no tubular necrosis or blockage by pigment casts was found. 
The main alteration was represented by a vacuolization of the tubular epithelium, starting at the subcapsular 
area and extending from there toward the corticomedullary junction. The degree of this extension was 

graded on a scale of 1 -to-4. 

STATISTICAL ANALYSIS 

Analysis of the data was carried out using two tests: 

a) Analysis of variance to study changes occurring in each group of animals at various time intervals; and 

b) Student's t-test for paired data to study the changes occurring at each time interval in the various 
groups of animals. 

Results of statistical analyses performed are presented in Tables III and IV. 
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TABLE I 

1. BODY HEIGHT [gm] 




T • 2[15m1n; 

T - 3tihr 

i. .T-"4£3h^i 

) t ' 5£24hr$] 

M ISD 


N 4SD 

N 4S0 

M 4SD 

fpr 

"iiiiScrr*" 

• 

m 

426Q!1309.6 

4170tl?92.O 

Kb ] 

435(^125.6 



4510I1125.O 

43661110.5 

Mb II 

415(H236.2 

m 

«» 

42851226.8 

41501211.9 

Kb III 

3966447.0 



4092l84.0 

4014151.0 1 

2. BODY TEMPERATURE [^C] 

fPF t 38.7«0.42 

38.540.44 

38. 510.46 

38. 510.47 

38. 610.45 ! 

Kb I { 38.810. 3d 

38.840.38 

36.910.46 

38. 810.58 

39.0l0.S8 

Kb 11 J 39.140.09 

38.840.37 

38.910.63 

38. 910.69 

38. 910.18 

Kb III { 39.440.40 

39.0KO.5O 

39.1l0.46 

38.9l0.68 

39.110.71 

3. HEART RATE [Beats/min] 

fPf \ 220*21.9 

200413.20 

195121.23* 

197116.43* 

19615.03* 

Kb I 1 23045.77 

21248.49** 

218l8.97*c 

22517.63 » 

222il2.13fc 

Kb 11 1 220417.71 

200411.60 

199115.60* 

203118.97 

20319.42 

Kb III { 211424.00 

190433.00 

196133.00 

213439.00 b 

202110.00 

4. BLOOD PRESSURE (SYSTOLIC) [irni Kgl 

rPF j 10046.82 

95.8414.06 

95110.00 • 

96.7l5.18 

9614.18 

Hb 1 '1 104.S414.B 

113.ill12.13c 

109.5l10.22c 

108.3110.27e 

108.3ll0.27c 

Kb II 1 95.845.33 

111,64l5.72*c 

105.8111. 33 

I06.7ll2.13 

10518.16 

Mb III j 97.3K0.21 

95.2*7.00 

102.319.59 

90.817.86 

88. 316. 20* 

S. BLOOD PRESSURE (DIASTOLIC) [mn Kg] 

PPF 1 60.849.17 

60.8414.63 

60.8l9.70 

62.516.89 

65.04_4.08 

Kb I 1 70.84l5.91 

80.(K14.71 c 

77.5ll4.92c 

77.5413.96 

74. 2112.72 

Kb II 1 60.eK8.16 

75.8fI5.11*e 

73.3111.05* 

70. 819.75 

67. 516.92 

Kb III 

1 64.243.43 

69.215. 32 

m •••••• mmmm 

73.817.53* 

63.3l7.60 

61.716,20 
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C. URINARY OUTPUT [bI/SO Bin.] 



M 4SD 

T - 2 riSmlnl 
M 4S0 

M 4SD 

3.00+0.61 

T - 4 fshrs] 1 

^ +SD 
3.10+0.63 

M +50 
3.00+0.53 


2.60+0.49 

O.p+0.00*** 

Mb I 

8. 1110.29 

o.o+o.oo*** 

6.66+1 .72**b 

8.66+1 .59**c 

4.63l0.96**e 

tt> II 

3.00+0.57 

0.0+0.00*** 

B.3C|+1.S9*b 

8.1(^1.64* 

4.2511.46 

Kb III 

S.66+1.99C 

S.Sqt4.63*« 

10.eG!+2.90**« 

11.3Cii4.20*** 

5.40+1 .26b 

7. ARTERIAL BLOOD pH [UMTS] 

PPF 

! 7.33+0.04 

7.34+0.05 

7.33+0.03 

7.33+0.03 

7.3910.13 

Kb I j 

7.43+0.10 

7.36+P.13 

7.37+0.11 

7-37+0.10 

7.3810.06 

Nb I! j 

7.36+0.03 

7.36+0.03 

7i34+0.12 

7.42+0.11 

7.3610.04 

Hb III 

7.28+0.03 

7.3010.02 

7.28+0.05 

7.26+0.06 

7.3110-03 

8. Pa02 im Kg] 


PPF S 69.948.29 

70.8+11.72 

62.0+4.67* 

59.2+8.09* 

69.2*5.88 

Hb 1 1 74.U16.7 

67.5+6.54 

73.7+1 0.2c 

71 .5+1 1.3c 

60.6l7.78 

Hb II j 63.6+2.12 
1 = 

69.2+6.14 

81.6+9.66*t* 

79.5+5.B8***, 

76.9i8.77*** 

Nb III i 63.3+12.2 

1 r 

76.3+14.4 

70.7+7.30 e 

88.1+18.3*5 

69.9113.0 c 

9. PaC02 [mn Hg] 

PPF 1 29.8+3.24 

31.2+2.77 

33.7+2. 98* 

34.812. 11** 

31 .915.15 

Mb I 1 29.8+3.08 

33.0+5.27 

34 .4+4. 59* 

32.615.33 

32.5l5.12 

Mb II { 28.8+S.37 

31.(^1.89 

31.9+3.47 

30.0l4.30c 

31 .212.01 

Hb III 1^ 32.8+2.56 

27.6+0.62**c 

29.9+2.50C 

33.013.49 

32.411 .45 

10. BLOOD tiooKg] 



PPF f~S4?q+oT61 

33.7+1.75 

33.8+3.01 

34.011.80 

34. 0+1. 80 

Mb I { 





Hb 11 1 33.7+0.87 

29.7+0.63***b 

30.8+0.47** 

32.7l0.62 

33.0+1 .41 

Mb lit 32.4+1.45 

27.7*1.43***« 

29.S+1.29**b 

J0.8l1.24c 

31 .610.41c 
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11. COLLOID OSMOTIC PRESSURE (COP) [iniiHgl TABLE 1 IcenU 


i.!.:J.lB,Lj. 

1-2 [ISmln]. 

V 3 [1 hr] . 

T - 4 [3hrs] 

T - 5 [24 hrs 

- - 1 M ♦so 

H ♦SO 

N ♦SO 

H ♦SO 

M 4S0 

18.3;K).S9 

PPF 1 18.2«p.&3 

19.240.06* 

19.340.77* 

18.840.60 

Kb I j 





Mb II j 17.940.49 

19.540.55** 

19.541.17* 

19.311.21 

18.5^0.63 

Hb III 1 17.540.07 

19.540.77*** 

29.511.29*** 

18.510.59** 

17.9lO.3B* 

12. PLASMA Kb [9/dl3 


PPF 1 O.OCKO.OO 

O.OCKO.OO 

o.ooio.oo 

o.oqio.oo 

O.OOlO.OO 

Hb I 1 





Hb 11 1 0.0040.00 

3.8210. 71***« 

3.5010.68**** 

3.1010.40**** 

2.1010.51**' 

Hb in 1 O.OCKO.OO 

3.1640.78**** 

2.7010.79**** 

2.6010.70**** 

2.1010. 66**- 

13. W6C [x lo'j 

PPF 1 6.2742.13 

6.4811.16 

7.2512.15 

6.5811.53 

6.5§l1.20 

Kb I 1 4.8640.8S 

3.5640.43** 

5.7011.53 

6.4812.11* 

8.6011.24** 

Kb II 1 4.8840.87 

4.7011.94 

5.0S11.29 

4.7810. 69c 

6.2211.45 

Hb III 1 S.8341.3B 

3.1740.84*** 

2.9811 .06**b 

4.2212.38 

11.5316.84 

14. RBC [x 10^2] 


PPF 1 5.1040.42 

3.7540.42*** 

3.9010.27*** 

3.8010.39*** 

3.7910.32" 

Hb 1 1 4.8640.23 

3.7840.30*** 

3.8310,30*** 

3.7940.33*** 

3.9610.24** 

Hb II { 5.3240.33 

3.8610.19*** 

3.8610.17*** 

3.874P.22*** 

4.1810.64** 

Hb III i 5.4940.55 

4.4440.33**c 

4.4740.37**e 

4.1840.63** 

3.8710.39** 

15. HEMOGLOBIN [g/dl] 

PPF 1 11.640.82 

i.4i0.93*** 

8.810.59*** 

8.610.72*** 

8.710.72*** 

Hb 1 1 11.3|40.7$ 

11.140.30 a 

11. 210.69 a 

0.710.42 a 

11. 110.23 a 

Hb II j 11.640.8S 

11.210.68 a 

11.040.54 a 

10.610,30 • 

10.20.20 • 

Hb III { 12.141.25 

12.141 .00 a 

12. 010.96 a 

11. 311.04 a 

10.0l0.91** 
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16. HEMATOCRIT [S] TABLE I feont.) 



i T - 1 [B.l.} 

T - 2 [ISnin]. 

T - 3 [1 hr] 

T - 4 [3 hrs] . 

T - 5 [24 hrs]. 


I ii 450 ^ 

M 4SD 

M 4SD 

.H 450 

24*9^.01*^' 

H 4SD 
24.9*1.98*** 



24.642.77*** 

25.511 .77*** 

Hb I 

1 32.I{12.14 

25.Sl2.32*** 

25.^41 .M*** 

25.^1,44*** 

28.ll2.01* 

Mb II . 

1 34.242.23 

24.711 .14*H 

24.BlO.B2*** 

24.811 .25*** 

26.B14.07** 

Mb III 

1 35.442.69 

28.4l2.24**b 

28.5l2.25**C 

27.412.30*** 

25.3l2.84*** 

17. PLATfirrS 1* lo'] 

PFF 

1 388lS4.$ 

300145.6* 

836151 .8** 

314139.8* 

376136.2 

Mb I 

j 363448.7 

248l18.7***c 

236143. 5**b 

256l24.9**c 

3671111.2 

Mb II 

{ 411486.5 

241170.9** 

263*78.9** 

292169.8* 

3S0«69.2 

Mb in 

1 461163.0 

2641111.0** 

261197.0** 

274171.0** 

4021158.0 I 

18. FIBRINOGEN [mg/dl} 

PFF 

! 226431.8 

165119.7** 

180111.5** 

191121.5* 

334132. 6*** j 

Mb I 

1 238135.3 

147125.5*** 

140123. 8***b 

139l25.7***b 

2911112.7 j 

Hb II 

{ 240483. 4 

142128.9* 

131l28.2*b 

12511 9. 3*b 

294196.3 

Mb III 

i 234439.0 

152143.0* 

138l38.0**b 

126l36.0**b 

3SS1149.0 

19. FIBRIN SPLIT FROD. C"icg/m1] [O'^Omcg/nl, 1>>1O«0mcg/Bl . Z>>«0mcg/m1] 

>PF 

I 0.0010.0 

O.OOlO.O 

0.1610.37 

O.OOlO.O 

O.ODlO.O 

Hb I 

j 0.1610.37 

1.0l0.57*b 

1.16l0.68*e 

1.16l0.37**b 

0.7510. 42**b 

Mb II 

1 O.OCKO.O 

O.50l0.50*c 

0.6610.74 

0.50-0.50 

0.5010.50 

Mb III 

1 0.0040.0 

0.0010.0 

O.OCKO.O 

0.1640.37 

0.1610.37 

20. PROTHROMBIN TINE [sec] 




PPF * 

} 10.812.11 

11,241.64 

9.2512.00 

9.411.00 

8.04p.32* 

Hb I 

j 10.711.32 

11.1^.33 

11. 512.64 

12.2l2.72 

10.011. 27c 

Hb II 

j 9.610.72 

9.4l0.51c 

10.612.21 

9.410.36 

8.410.48* 

Hb in 

••••••• 

i 10.111 .72 

11.812.52 

11.212.15 

11.CK1.36 

9.312.54 
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21. TOTAL BILIRUBIN [ng/dl] TABLE l(conU 


T( 

i 

T - 1 [B.l.l 

T - 2 [ISmln] 

T - 3 [ 1 hr] 


T - 5 [24hrs] 

M ♦SO . 

N 4S0 

M 4S0 

M ISO 

M 4SD 
0.2710.11 

PPF 

0.33*0.05 

0.20*0.08 

0.23*0.05 

9.2310.09 

Kb I 






Hb II 

0.17*0.04 

0.13*0.04 

0.3310.26 

D.17*p.09 

0.6310.20 

Hb III 

0.16*0.13 

0.17*0.10 

0.2810.20 

0.3210.26 

O.4210.19* 

22. S60T (AST) [lu/L] 

m j 39.«i,4.96 

38.0*4.53« 

29.7*5.85* 

30.qi3.66* 

69.7l7.49*** 

Hb I ! 28.3*11.32 
1 = 

30.0*8.16 

35.015.00 

25.1*8.37 

108.3157.6* 

Hb 11 1 39.5^6.3 

38. 312.35 

36. 614.70 

58. 7118.7c 

3B.0lS.3£a 

Hb III ; 41.8115.0 

38. 318.40 

37. 514.78 

«0.qi7.10c 

4931305. 9*** 

23. L 0 H Clu/L] 

PPF ; €9.0*12.0 

50.8l5.83** 

60.0114.0 

52.6l9.63* 

135.0135.5*** 

1 = 

Hb I ; 66.0*34.1 

60.81T9.2 

78.016. 00c 

112l32.9*b 

73.3133. 1c 

1 = 

Hb 11 {€1.0439.3 

69.6*15.5 

67.5110.2 

70.6124.5 

109.2117.9 

Hb III 1 $2.7*12.3 

46.0119.5 

44.718. 10 

58.0l9.27 

927.0l477**c 

24. SGPT (ALT) [ul/L] 

PPF j 46.2*8.67 

31. 517.99* 

33.218.82* 

32.518.48* 

60.515.44* 

Hb I j 48.6*9.92 

43.3l2.35 

46.612. 35c 

41.0113.5 

48.8116.8 

Hb II {46.3*20.2 

48.8125.2 

40.014.08 

39.qi7.34 

43.2123.1 

Hb III 41. 2*11. S 

43.6*10.6 

37.C(*9.27 

41 .214.13 

191. 5111 9**c 

25. B U N [ ng/dl] 


PPF 

|l«.2*2.13 

16.213. 37 

14.512.43 

14.212.40 

13.5l2.08 

Hb I 

{21 .0*2.82 c 

21 .812.88 C 

21.5l2.93c 

21 .813.33 c 

20.6l4.41b 

Hb II 

{22.5*5. 50 c 

22.815. 39 C 

22.3l4.8ie 

Z0.8l5.07C 

21. 012.81 to 

Hb III 

1 17.0*1.52 

17.2*1.67 

17. 311 .48 c 

16.211. 34 

20.7l4.49b 
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26. SERUM CREATININE I«g/dl3 TABLE I (eont.) 



J. T - 2 [ISmin] 

T - 3 [1 hr] 


.T - 5 {24 hri], 


M ISO 

N 4SD 

M 4SD 

M *S0 


Ti3+o?ir""** 

I.OSlp.lO 

Koy+i'ii 

Tio+oTii 

Hb I t 1-431P.14 * 

2.26+1.05 

1.85+0. 91c 

1.86l0.44b 

1.84+0.460 

Mb tl 1 1.SQ£p.30 

1.311.0.65 

1.24+0.57 

1.64i0.31e 

1.3210.42 

Hb III { 1.381.1.17 

2.15+1.13 

2.32ip.90c 

2-6()+1.35*c 

2.2+0.42e 

27. SERUH SODIUM £nEq/l. 

1 




PPF |137.(K2.19 

139.Q+2.86 

140.5+4.08 

141.014.31 

145.(lll.25"* 

Mb I 1 137.242.26 

134.8+3.23e 

139.5+10.7 

136.6+3.72 

140.814. 31c 

Mb II |134.842.11 

131.3+4.18C 

133.01.1.73b 

135.Sl8.21 

140.014. 05*c 

Mb III Jl30.C!l3.50c 

129.()+5.10b 

128.6+5.108 

129.8l4.00b 

138.0+3. 50*c 

28. SERUM POTASSIUM [mCq/1] 



PPF 1 3.45+0.26 

3.3010.30 

3.50+0.27 

3.2710.28 

4.35i0.3S»— 

Hb 1 1 3.71*0.48 

3.78l0.3Sc 

4.23+1.64 

3.1010.43 

3.8410.32 

Hb II 1 3.6U0.48 

3.42+0.34 

3.4510.26 

3.5310.39 

4.3210.17* 

Kb III 1 3.60+0.41 

3.331,0.43 

3.1510.29 

3.2310.27 

3.6P10.79 1 

29. SERUM CHLORIDE [nEq/l] 



PPF 1 101. 212.71 

104.712.50* 

107.5+3.56" 

110.C)12.53*** 

104. 712.75 

Hb I |l05.1l4.56 

105.8+3.34 

105.8+4.22 

105.2l3.34c 

105. 613.20 

Mb II {102.312.7S 

103.6+2.81 

103.8+1.95. 

106.IK6.79 

103.7+2.16 

Mb III { 97.013.60 

95.8+5.50 

98.()43.S0b 

97.5+6.00b 

102.Cl5.60 

30. SERUH BICARB. [mEq/1] 

PPF { 22.21.2.64 

22.7+2.80 

23.811. 60 

24.311. 37 

26.214.92 

Hb I 1 22.6+1.69 

22.2+2.67 

22.4^2.13 

22.CK2.00c 

22.811 .47 

Mb II 1 23.5+2.50 

22.5+2.69 

22.5l2.21 

20.2l2.67b 

22.2l2.05 

Mb III { 22.3+1.90 

19.5+2.50 

18.5+3.25*b 

20.qi2.40b 

20.6l2.80 
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31. SERUM OSMOLALin [mOstnrkg] TABLE 1 (cwit^ 



. T - 2 [15 min; 

T - 3 [ 1 hr; 

..I.:.5 [3 hrs] 

T - 5 [2«hrs]. 


1 M ISO 

H 4SD 

H ISD 

H «SD 

M ISO 


PPF 1 304.4111.9 

299.5111.3 

290.518.65* 

292.8l9.91 

293.713.21* 


Kb I ( 300.(KS.38 

299.516.20 

296.515.70 

295.^.88 

296.215. 11 


Hb 11 ] 3O9.0!i1B.8 

299.017.34 

300.21.11.0 

294.6110.5 

297.21.5.35 


Hb III I 301. 8^8.80 

281.4l6.B0**€ 

279. 618.20" 

279.eK6.50**c 

264.61.6.70* 



H : ARITHMETIC MEAN 
ISO : STANDARD DEVIATION 

DIFFERENCES BETWEEN T-1 TO T-2. T-5 : 

* 

DIFFERENCES BETWEEN THE GROUPS: PPF-Hbl 

PPF-Hbll 

PPF-Hblll : a 
b 
c 

n • 6 rabbits 


significant difference P«D.001 
aignlfkant difference P^O.Ol 
significant difference PO.OS 


significant difference P<0.001 
significant difference P<0.01 
Significant difference P<0,05 
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TABLED 


1. HIST0PATH0L06Y [after 24 hours] 


1 HEART 

1 LUNGS 

1 UDNEYS 

j LIVER 

j SPLEEN 

• 

1 K ISO 

{ N 4SD 

1 M ISO 

1 M 4S0 


PPF 1 i.oq+0.00 

{ 1.4040.48 

j 1,6010.4B 

1 1.40+0.48 
1 

1 i.opip.oo 

1 

Kb I { I.SCKO.SO 

j 2.0CK0.S7 

j 1.8310.36 

j 1.SCtl0.76 

1 1.0010.00 

Nb II 1 1.66+0.74 
t 

1 1.83*0.37 

1 2.16+0.37 
i 

1 1.8310.68 

• 

{ 1 ,00*0.00 
1 — 
1 

Nb III j 1.3310.46 

1 1.8310.37 

1 2.6610.46** 

1 2.0010.S7 

! 1.00^0.00 

• — 
• 


H : ARITHMETIC HEAN 

ISD : STANDARD DEVIATION 

DIFFERENCES BETWEEN THE GROUPS; PPF-Hbl 

PPF-Hbll 

PPF-Hblll : • significant difference PO.OO' 
- significant difference PO.Ol 
* . significant difference PO.OS 

n • 6 rabbits 
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1. BODY WEIGHT [gm] 


TAI 

D (cont.) 


i T - 1 

. T • 2 

. T - 3 

• T - 4 


T - 7 


MlSO 

IHSD 

IHSD 

IHSO 

msD 


m 


4260O09.8 

41701292.0 


Hb IV j4117V|46.2 

m 


418SVI47.0 

m 

m 

t. MOY TEMPERATURE C"c] 



PPF 1 38. 7*0. 42 

38.510.44 

38.510.46 

38.5l0.47 

38. 610.45 


Kb IV |39.(H}.12 

38.9l0.34 

38.81,0.52 

38.8l0.44 

39.qi0.17 

m 

3. HEART lUTE CBeats/nln] 


f?f 1 220121. 9 

200113.20 

195121.23* 

197116. 43* 

19815.03* 

m 

Mb IV •2321B.97 

191*20.03" 

1971.15. 96*" 

189120.49" 

207*17.94* 


4. SLOOO PRESSURE (SYSTOLIC) [innHg] 



fPT . {I0qi6.32 

95.81,14.06 

951,10.00 

96.71.5.18 

9614.18 

m 

Mb IV 1 88l3.26b 

92. 014.47 

89.6ll0.02 

90.31,4.67 

881O.OOC 

m 

5. 8LO0O PRESSURE (DIASTOLIC) [n 

r.H9] 



FPF {60.819.17 

6O.61U.W 

60.819. 70 

62.51.6.89 

1 65.014. 08 

m 

Hb IV {61. 013.60 

69.313. 58" 

66.815. 60 

67.716. 15 

[66.0l0.00 


6. URINARY OUTPUT Cin1/30 alfi.] 

f?f {2.6O1P.49 

o.oio.oo*** 

3.001.0.61 

3.1P10.63 

3.OO1O.53 

m 

Mb IV jS.16lp.B9b 

e.S8is.oo* 

12.66l6.49*« 

18. 0018.69*; 

8.6712.21** 


m 

7. ARTERIAL BLOOD pH [UNITS] 



ftr |7.33lp.04 

7I341P.05 

T33i.0.03 

7.3310.03 

7.391.0.13 


lib IV |7.31ip.01 

7.321.0.01 

7.291.0.03 

7.301.O.O2 

7.321.0.01 


6. PaO. [nn Hg] 


BBSS • 

PPF {69.9lB.29 

70.8l11.72 

62.qi4.67« 

59.218.09* 

69.215. 88 


Mb IV {65.814.53 

71.S16.69 

74.41.9.66c 

65.6l5.75 

64.3l2.15 

1 m» mmm mm mm m* 

»mm 
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'9. P«CD, [ nn Kg 3 TABLE D fcenU 


}. T-1 

. T- 2 


.T.:.4 . 

.!.:J *. 

I.r.2 4. 



H+SO 

IHSD 

ItSD 

HiSD 

fPf \ 29.B+3.24 

31.212.77 

33.7l2.9B* 

34.842.11** 

31.I15.1S 


Hb IV j 28.744.09 

31. 314. 89 

31.244.87 

31.344.44 

29.Sl3.46 

• 

10. BLOOD [gnHg; 

J 



337741175 

33.843.01 

34.041.80 

34.041.80 


Hb IV 1 32.911.09 

2B.2l2.05*g 

29.2l2.11*J 

30.8+1. 46*g 

31.340.47 


11. COLLOID OSMOTIC PRESSURE (COP 

) CnoHg: 


PPF I 18.240.S3 

19.240.06* 

19.310.77* 

18. 810.60 

1B.310.59 


Kb IV 1 17.(>40.24 

19.240.36*** 

19.0lD.3B*** 

18.5l0.35*** 

17.8l0.41* 

m 

12. PLASMA Hb (g/di; 

I 

PPF 1 O.OCKp.OO 

O.OOKO.OO 

O.OCKO.OO 

o.ooio.oo 

o.oqio.oo 

m 

Mb IV 1 O.OCKO.OO 

3.73l0.24«; 

3.4610. 31**; 

3.0310.32**; 

1.9010.22**; 


13. WBC I X lo' ] 

PPF j 6.2742.13 

6.4811.16 

7.2512.15 

6.5811.53 

6.5511.20 


Hb IV I S. 4810.87 

3.8810. B5*b 

6.2112.50 

|9. 0013.43 

12. 814.92* 

5.82*1.92 

14. RBC Ix 10*^} 

PPF j 5.1010.42 

3.7510.42— 

3.9010.27*** 

3.6010. 39*** 

3.7910.32—* 

• 

Hb IV 1 S.4910.30 

4.1210.34*** 

4.0610.39*** 

4.1510.37*** 

3.9510.36*** 


15. HEMOGLOBIN tg/d' 

1] 




FPF 1 11.840.82 

■8.410.93*** 

8.810.59*** 

8.610.72*** 

8.710.72*** 

• 

Hb IV { 12.440.68 

12.a)tO.S4» 

11.8l0.66a 

11.8l0.84a 

10.740.90*b 

9.510.94"* 

16. MEHATOCRIT U} 




PPF \ 93.742.85 

24.^42.77*** 

25'.54i'.77***" 

24lS^*** 

24.9|4l.98*** 


Hb IV { 37.241. S6c 

27.Sj42.18*** 

27.ljl2.64*** 

28.142.24*** 

26.9l2.18*** 

29.042.54*** 
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17. Hk-nim I K10»3 ^ABLE D (cont.) 




..T...3 

.J.;.4 . 

I.:J 1 

M+3D 

T,;.7 j_ 

M+SD 





336451 .8** 

314139.8* 

376136.2 


Mb IV |453150.S 

285152.1*« 

309142.5*^ 

324149.7** 

354123.6* 

4001175.5 

18. rjIRINOGEN tng/dl] 


FPF {226131.8 

16511 9.7^ 

18^11.8** 

191121.5* 

334132. S*** 

m 

Vb IV |217433.3 

114*29.8^J 

r_ 5. 

117*34.9*{ 

102129.6**J 

391133.2*** 

6001163.1** 

19. FIBRIN SPLIT WOO. Iincg/ml] [O-^Omcs/inl , l">10<«0incg/m1, f-XOmcj/ml] 

PPF jo. 00+0. 00 

0.00+.0.00 

0,16+0.37 

o.otno.oo 

o.opip.oo 

• 

Hb IV jO.OO+O.OO 

1.6710.47*;*] .83+0. 37*;* 

1.8310.37*** 

0.7510.43** 

COCK). 00 

20. PROTHROKSIN TIME 

tsec] 



PPF |10.812.11 

n. 211.64 

9.2512.00 

9.4pll.00 

8.0CH0.32* 


Hb IV jn.(K1.41 

12.911 .92 

15.512. 83*c 

12.6l2.29c 

8.1040.10** 

:l.02iD.04*« 

21. TOTAL BILIRUBIN 

>9/<Jl] 


PPF |0. 33+0.05 

0.2010.08 

0.2310.05 

0.23+0.09 

0.2740.11 


Kb IV |0.17+0.16 

0.2610.07 

0.7810.54 

0.3810.41 

0.53i0.55 

0.4£-0.n* 

22. SCOT (AST) [lu/L] 



PPF |39. 6+4.96 

38.0+0.43* 

29. 7+5. 85* 

30.013.66* 

69.717.49*** 


Hb IV {34.8+9.19 

41.Cl+4.89v 

82.t!l17.2 


I80.01137.9**J 

; 58.2121.2 

23. L 0 H [lu/L] 

ffV "[ir^iilo"* 

"iol+To?* 

60.0l14ro'* 

S2.619.63* 

135135.5*** 


Mb IV {64.S4lS.r 

43.IKI7.9 

60.CI140.8 

86.0149.2 

428.81336* 

1801122.5 

24. SGPT CALT] tuI/L 

1 



m {46.2l8.C7 

31 .$17.99* 

33. 218.82* 

32.Sl8.4B* 

60.5l5.44* 

m 

Mb IV {48.7112.2 

37.2l4.20 

48.0117.2 

60.0l6.32a 

1911109.4*c 

58.7116.7 
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25. B tl N [n9/d1] 


TABLE 0 rcoot.) 


"~ 

» »4» mm mm mmmmm m 

. T - 1 
M+SD 

mSD 

. T - 3 

II+5D 

n*5D 

1 wiM^aiwww M 

I.rJ. 

T.r.2... . 

PPF 

16.2+2.U 

16;2i3.37 

14.5i2.« 

14.242.40 

13.542.08 


Hb IV 

; 15.243.13 

16.^3.25 

15.843.87 

16.^4.53 

20.443.49*e 

15.241.46 

26. SERUM CRCATININE [ng/dl] 





tfT 

1.251P.18 

1.2340.18 

1.0540.10 

1.0741.16 • 

1.1040.12 

m 

Kb IV 

1.424p.31 

1.834p.62 

1.7(^0.60c 

1.364p.S4 

1.4C!40.37 

1.2640.15 


27. SERUM SODIUM [mEq/1] 



139.042.86 

140.544.08 

141.044.31 

U5.0l1.25*** 


Hb IV 1 138.643.39 

135.043.07 

135.842.03 

138.212.67 

143.014.00 

1 143.qi0.00 

28. SERUM POTASSIUM [mEq/l] 

PPF [3.45i0.26 

3.31)40.30 

3.5010.27 

3.2710.28 

4.3510. 35*** 

m 

W) lY i 3.32^0.13 

3.3110.17 

3.5510.19 

3.6810.30* 

3.25i0.05b 

4.310. 00*** 

29. SIWA CHLORIDE [mEq/l] 

PPF j 

101.242.71 

104.742.50* 

107.5l3.56" 

110.042.53** 

•104.7i2.75 


Kb IV 1 

104.242.47 

104.644.34 

105.045.71 

105.613.85 

106. 512.50 

10c.0O.0D 

30. SERUM BICARB. [mEq/l] 

PPF 

22.242.64 

22.742.80 

23.8+V.60 

24. 311.37 

26. 214.92 


Kb IV 

23.242.79 

22.0+2.08 

22.813. 07 

21. 513.20 

22.ClO.00 

24.010. DO 

91. SER 

UN OSNOLALITr [mOsm/kg] 


304.4411.3 

299.5411.3 

290.^8.65* 

292.8l9.91 

293.7l3.21* 


Kb IV 

290.542.96 

289.245.15 

288.249.06 

291.()46.22 

293.^0.50 

285.010.00 


M t ARITHMETIC MEAN 
4SD : STANDARD DEVIATION 

Differences between t-i to t-2, t-s, t-4. »nd i 

BIFFERENCES BETWEEN THE BROUPS: fPT • Hb IV 
n • 6 rabbits 


•5: • significant difference P<D.O01 

•* • significant difference PcO.Ol 

^ - tignlficant difference P<0.D5 

: a - significant difference P^O.OOl 

b • significant difference PO.Ol 

C - significant difference PO.05 
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TABLE m 


Fftramcter 


» Anilysii of variance bised on Diffeicnce in Scores 
4 groups analyzed 

^ Tl T2 T3 T4 T5 


Body Weight — — ]^ 

Body Temperature — KS NS KS 

CARDTOVA^HTLAR yUWfflOM 

Hean Rate — NS MS NS 

Systolic blood pressure — 0.017 NS KS 

(P«0.074) 

Diastolic blood pressure — • NS NS KS 

Arrhythmits — NS NS KS 
Urinary output 

(al/30 Bin) — <0.001 0.006 0.035 

Ivs. 2 NS 0.013 NS 

3 vs. 2 KS NS NS 

4 vs. 2 <0.001 cO.OOl 0.006 

MSPIRATOBYTirNmnN 


NS 
NS 

NS 
0.035 

NS 


NS 

NS (P-0.09} 

NS 
NS (PO.09} 


Anerial Blood pH 


MS 

MS 

MS 

MS (0.09} 



NS 

0.03S 

0.006 

MS (0.074) 

1 vs. 2 


MS 

MS 

MS 

NS 

3 VS.2 


MS 

0.006 

0.014 

MS (0.055) 

4 VS.2 


MS 

MS 

0.002 

MS 

PaC02 


0.004 

0.011 • 

MS 

MS 

1 vs. 2 


MS 

MS 

MS 

MS 

3 VS.2 


MS 

MS 

MS 

MS 

4 vs. 3 


0.006 

0.006 

MS 

MS 
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Trtimitm Tim» table m (conto 

Tl T2 T3 T4 TS 





MS 

KS 








WBC 


0.002 

•0.002 

KS 

KS 

1 VS. 2 





KS 

3 VS. 2 


KS 

NS 

KS 

KS 






Fid 

Mr* 









<U.uU i 


K5 

1 vs. 2 


<aooi 

<aooi 

0.001 

0.021 

9 VS. 3 


<U.UU1 

ft Am 

W.U04 

KS 

4 VS. 2 


<0.001 

cO.001 

0.002 

KS 

Hemociit 


NS 

KS 

KS 

KS 

Platelets 


0.030 

0.037 

0.010 

KS 

1 vs. 2 


NS 

KS 

NS 

NS 

3 vs. 2 


0.038 

0.033 

0.059 

NS 

. 4 VS.2 


0.008 

0.006 

0.001 

NS 

COAGULATION STTOffS 






Fibiinosen 


KS 

KS 

KS 

NS 

Prothombin Tine 


NS 

KS 

KS 

NS 







SCOT 


<0.001 

KS 

KS 

0.043 

1 VS.2 


<0.001 

KS (0-052) 

KS 

NS 

3 VS.2 


<0.001 

KS 

KS 

NS 

4 VS.2 


<0.001 

KS . 

KS 

0.016 

1X« 


MS 

KS 

KS (0.087) 

KS (0, 
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TrHTmcni Uttim table m (conto 

Tl T2 T3 T4 T5 


SGFT 


NS 

<0.001 

MS 

MS 

1 VS.3 


MS 

<0.001 

MS 

MS 

9 VS« 2 


KS 

<0.001 

MS 

MS 

4 vf,2 


NS 

<0.001 

MS 

MS 











MS 

MS 

Senim creatiaine 


MS 

MS (0.095) 

MS (0.069) 

MS 

Serum sodiua 


MS 

MS 

MS 

MS 

Senim Foussium 


MS 

MS 

MS 

MS 

Serua chloride 


MS 

MS 

MS 

MS 

Serum bicarbonate 


MS 

0.033 

0.044 

MS 

1 vs. 2 


MS 

MS 

MS 

MS 

3 vs. 2 


MS 

MS 

0.009 

MS 

4 vs. 2 


0.043 

0.004 

0.030 

MS 

Serum osaolarity 

* • • 

MS 

MS 

MS 

MS 
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TABLE IV - Students t-test For Paired Data 


Jlmt 2 

5 min. baseline 
BeftDine (d) 


Time 3 

1 hr^biseline 

ttean^se (&} 


Tmt 4 

9 br-biseline 

Semite (n) 


lUDC S 

34 hr- btseline 
nean^e (n) 


Body wdght 
cases 
control 


Body teaperature 

cases -0.22^0.07 18 -0.1440.15 

controls •0.23±0.13 6 -0.18^0.15 

NS NS 


0.11^0.02 16 0.01±0.02 18 
0.09±0.02 6 0.0l±0.07 6 
NS NS 


Hem rate 
cases 
controls 


Systolic blood 
pressure 
cases 
controls 


-18.745.2 
.23.0*9.2 
NS 


18 


4^7.5±3.2 18 
.4.243.3 6 

NS o'^o.oeo) 


Diastolic Mood pressure 

cases 10.042.9 18 
controls 0.042.9 6 
NS (P-0.076) 


Arrhythmia 
cases 
controls 


Urinary output 
Onl/30 nin) 
cases 
controls 


040 
040 

NS 


18 
6 


•1.640.6 18 
•2.940.2 4 
NS (P-0.074) 


^^tpiVatftrv yungrfan Pita 

AneiSal Blood pH 


cases 
controls 


•0.0240.02 
0.0140.01 
NS 


•15.946,1 
.25.6410.8 
NS 


-^6.743.0 
•5.043.4 
0.050 


9.942.8 
0.042.6 


18 
< 


18 
6 


18 
5 


18 
6 


18 
6 


NS a'«0.063} 


0.1840.10 
0^0 
NS 


3.740.5 
0.140.1 
<0.001 


•0.0440.03 
O.0Q40.02 
NS 


17 
6 


•0.1940.14 18 
.0.1840.09 6 
NS 


.6.849.1 18 
•22.0411.7 5 
NS 


♦2.743.3 
•3.343.3 
NS 


5.043.0 
1.743.3 
NS 


0.06^0.06 
040 
NS 


18 3.440.8 
4 0.340.8 
<0.001 


18 
6 


18 
6 


17 
6 


18 
4 


18 
6 


•0.0140.03 18 
O.OQ4O.O2 6 
NS 


•1340.10 16 
0.00^:0.00 4 
NS 


.6.444.8 
•16.3411.4 
NS 


♦6.542.9 
.4.0*2.9 
NS 


4.242.6 
2.0±4.1 
NS 


040 

NS 


I.54O.3 

0.140.1 

0.003 


16 
4 


13 
5 


13 
5 


13 
4 


13 
4 


.0.02^0.07 15 
O.08±0.06 4 
0.030 
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Studenu t-iest For Faired Dau 


Time 2 

5 min. baseline 
seaoiie (n) 


Tmt 3 

1 hr*bue!ine 

Beafi4^e (n) 


PaQ2 


cases 
coduqU 


FaCQ2 

cases 

controls 

Blood F50 
cases 
controls 


4.0±3.5 
0.945.6 
NS 


0.1±13 
1.4^1.2 
NS 

•4.41.0.6 
-0.3±0.6 
0.004 


18 
6 


I 

3 


l.3±3.9 
•t.Ql4.3 

0.035 


I.61I.2 
3.9^1^ 
NS 

•2.S±0.7 
^.2±1.3 
NS 


COP 


cases 
controls 


O.lOiO.Ol 10 0.09±0.01 
0.05^0.004 3 0.06^0.01 


0.007 


HgmatolQgv data 


cases 
controls 


KBC 


cases 

controls 


Hemoglobin 
cases 
controls 


Hematocrit 
cases 
controls 


Platelets 
cases 
controls 


-1.4*0.3 
0.1*0.5 
0.036 


-r2i0.i 
0.4*0.2 

NS 


*0.2±0.2 
•3.2*0.5 
<0.001 


•1.0*0.7 
•9.1±1.4 
NS 


•161*1S 
•18*14 


18 
6 


6 
18 


18 
6 


18 


NS 


•0.6*0.5 
0.9*0.5 
NS 


•1.2*0.1 
-I.21O.2 
NS 


^.3*0.2 
•2.8*0.4 
<0.001 


•7.8*0.7 
•8.2*1.1 
NS 


18 •153*1 6 
6 •S3i34 


Time 4 

3 hr-baseline 

Bean±^e(n) ' 


18 12.6^4.8 
6 •10.8*5.8 
0.017 


18 
6 


10 
3 


18 
6 


1.4*1.2 
S.0jt3.9 
NS 


t -1.4*0.6 
3 0.0*0.6 
NS 


0.0*0.6 
0.2*0.6 
NS 


18 -1.3*0.1 
6 -1.3*0.2 
NS 


18 -0.8*0.3 
6 -3.1*0.4 
<0.001 


18 
6 


-8.2*0.8 
-8.8*1.3 
NS 


18 •143*14 
6 •74*25 


TABLE IV (cont.) 
Time 5 

24 baseline 
nean±se (n) 


18 


IS 
6 


« 

3 


0.07*0.01 10 
0.03*0.01 3 
NS 


18 
6 


18 


18 
6 


18 


18 
6 


3.9*3.0 
-0.8*3.6 
NS 


15 
4 


15 
4 


1.711.1 
1.8±1.2 
NS 

so data for 
controls 


0.03*0.01 8 
0.00*0.003 3 
0.030 


3.6*1.4 13 
O.81O.5 4 
NS (F«0.094} 


-1.2*0,2 
•1.1*0.1 
NS 


13 
4 


•1.2*0.4 13 
.2,6*0,4 4 
NS (F«0,099} 


-7-6*1.3 
•7.4*0.9 
N 


•36*41 
-12*30 


13 
4 


13 
4 
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Studems t-te$t For Paired Dau 


Hme 2 

S.Bin. baseline 
aneani^e (d) 


Tune 9 

1 hr-baseline 

Beani^e (n) 


Time 4 

3 hr-baseline 

Beanine (n) 


TABLE IV (cont.) 
Time 5 

.24 br* baseline 
tteamye (n) 


0.03S 

mAfiiTTATroKymPTES 


Fibxiaofen 
cases 
controls 


•S9i.lO 
•61±19 


Prothrombin 
cases 
controls 


time 

0.5±0.9 
MS 


LTVgRTONrnON 

Total ft BO data 


SCOT 


cases 
controls 


64.2±6.1 
•9.4^3.7 
cO.OOl 


0.008 


18 .102±10 
6 -46^28 
0.029 


16 
6 


I.O1O.6 
•1.5t0.4 
a024 


50.7*27.8 
•10.2:17.6 
0.050 


16 
6 


0.021 


0.7^0.4 
•0.7*1,0 
KS 


13 
5 


16 
5 


61.3*23.3 
•8.2i.5.6 
0.011 


15 
S 


KS 


18 -108*13 17 96*36 
6 -S2*11 5 91*21 
0.037 KS 


.1.U0.6 
-2.4*0.7 
KS 


13 
4 


13 
4 


236.9*80.0 13 
21,7*20.7 3 
0.021 


LDH 


cases 
controls 


SGFT 


cases 
conuols 


0.34*0.26 
-0.28^0.21 
KS 


•0.9*51,8 
•8.5*7.3 
KS 


BUS 


cases 
conuols 


0.4*0.4 

0.0*0.7 
KS 


17 
6 


10 
6 


18 
6 


Seivm creatinine 

cases O.65±0.33 18 
controls •0.02*0.03 ( 
KS 9-0.059) 


0.44;t0.29 
•0.16*0,21 
KS 


48.1*4.4 
•6.8*6.4 
<0.001 


0.2*0.4 
•1,7*0.3 
0.016 


17 
6 


18 
6 


0.64^0.27 17 
•0.04*0.21 6 
KS 


13.2*39.6 
•7.5*65 
KS 


•0.6*0,8 
-2.0*0.4 
KS 


13 
6 


IS 
6 


0.84*0.54 1 7 
•0.20*0.05 6 
KS G>«0.076) 


1.01*0.47 17 
•0.18*0.07 < 
0.023 


0.851.0.41 
0.54*0.32 
KS 


64.6*35.8 
22.5*16.4 
KS 


1J*1.6 
•2.0*0.8 
KS 


15 
4 


14 
4 


13 
4 


0.56*0.28 14 
•0.13:t0.05 4 
0.027 
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Stvdenu t*test For Failed Dau 


lime 2 

S aiiiL baseline 
ttean^e (n) 


Time 3 

1 br*baselise 

Beax^e (n) 


Time 4 

3 br-baseline 

Beai^e (n) 


TABLE IV fcont.) 
Tlmt 5 

24 hr* baseline 
aeaniu (n) 


Serum sodium 
.cases 
controls 


•2.7dt1.1 
2.1±0.5 
<0.001 

Serum potassium 

cases •0.14^0.11 
controls •0.15^0.04 
KS 


Serum chlonde 
cases 
controls 


0.0*1.3 
3J^0.9 
NS 


Serum bicarbonate 

cases •1.7^0.7 
controls 0.5±0.3 
0.007 

Serum osmolariiy 

cases •10.1:t4.2 
controls •l.S±2.9 
NS 

FATHQLQGYDATA 

mean score n 

Heart 

cases 1.44 18 
controls 1.00 6 


II 
6 


II 
« 


II 
6 


17 
4 


•0.t;tM 
3.I±KS 
NS 

•0.03*021 
0.05^0.03 
NS 


0.8*0.9 
6.3*1.5 
0.007 


.2.0*0.6 
1.7*1.2 
0.010 


•11.4*5.0 
•10.5*6.7 
NS 


II 
6 


II 
6 


31 
6 


II 
6 


16 
4 


•0.6*1.5 It 
4.5*1.9 6 
NS (P-0.089) 

-0.23^0.15 II 
•0.11*0.14 t 
NS 


5.4*1.4 
7^*0.6 
NS 


14 
4 


0.14*0.23 14 
1.03*0.11 4 
NS a>«0.067) 


1.2*2.0 
1.8*0.9 
0.002 


•2.4^0.8 
2.2*0.9 
0.004 


•14.5*4.1 
•7.5*10.6 
NS 


II 
6 


II 
6 


17 
4 


2.4^1.6 
2.5*1.9 
NS 


•1.4jt0.9 
4.3*1.9 
0.010 


14 
4 


14 
4 


•12.7*44 14 
•19.0±6.0 2 
NS 


F value 
NS 


Lungs 


il.<2 iZ<3 i3.<4 ^ Tot 


cases 1.19 
controls IJI 


Uver 


cases 1.75 
controls 1.92 


Kidneys 
cases 
controls 

Spleen 
cases 

controls 


X33 
1J3 


1.00 
1.13 


II 
6 


II 
< 


II 
C 


9 
4 


NS CP»0.067) 3(17) 14(77) 1(6) 0 II 
4(67) 2(33) 0(0) 0 6 


NS 


0.002 


NS 


il.<2 ii<3 ^3,<4 ^4 Tot 

2(11) 11(62) 4(22) 1(6) II 
5(13) 1(17) 0 0 6 


DATA ANALYSIS 
RESULTS 

The three batches of hemoglobin here studied were: 
Hb-I = Group 1 
Hb-ll = Group 3 
Hb-lll = Group 4 

The batches were characterized as follows: 
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UIK 1 

MD-I 

UlK II 

UIK III 


1 . Hemogobin, g/d! 

14.0 

13.0 

10.0 


2. Oxyhemoglobin 

90.3 

91.2 

98.6 

5 

3. Carboxyhemoglobin 

1.6 

0.9 

1.7 


4. Methemoglobin 

8.8 

10.6 

2.7 


5. Oxygen Vol. % 

17.5 

16.2 

13.6 


6. pH 

7.5 

6.55 

7.0 


7. Sodium, mEq/L 

118.5 

102.3 

119.2 

10 

8. Potassium, mEq/L 

3.88 

4.16 

2.44 


9. Chloride, mEq/L 

118.0 

117.3 

120.9 


10. Osmolarity, mOsm/Kg 

244 

236 

242 


1 1 . Endotoxins, EU/ml 

<0.01 

<0.01 

<0.01 


12. Molecular wt. between 68,000-500,000 

85% 

80% 

90% 

15 

13. Phospholipid analysis by TLC silica gel plate developed in iodine vapor 

clear 

clear 

clear 


These batches were compared to human Plasma Protein Fraction (Plasma- Plex-Armour Pharmaeutical 
Company). (Group 2 = Control Group) 

(A) Mortality 


None ot the animals in the 4 groups (6 rabbits in each group) died by the end of the 24-hour 

observation period. 

25 

(B) Clinical Signs 


During the first 3 hours following the administration of hemoglobin, the only clinical sign was 
hemoglobinuria. At 24 hours, all animals appeared normal; i.e., with normal degrees of activity and eating 
and drinking normally. By that time, the hemoglobinuria had subsided. 

No change occurred in body weight and temperature. 


Gross Pathology 

None of the animals presented at necropsy with hemoglobin extravasation. All the organs appeared 
grossly normal, with the exception of the liver, which appeared congested in about half the animals. 


Histopathology 

Heart: Focal areas of myocardinal "contracture" were found in the PPF group, as well as in the 
hemoglobin groups. The severity of the change was graded as 1 + in the PPF group, and respectively 
1.5 + , 1.7+ and 1.25+ in the Groups 1, 3 and 4. The difference was not statistically significant. 

Lungs: Areas of interstitial edema, congestion and cellular infiltration were found in all groups, including 
the PPF group. The severity of changes was graded 1.4+ for the PPF group, and respectively 2 + , 1.8 + 
and 1.8+ for Groups 1, 3 and 4. The difference, again, was not statistically significant. 

Liver: Changes found in the liver were more uniform than those observed in the other organs. 
Centrolobular vacuolization was graded as 1.4+ in the PPF group, and respectively 1.5 + , 1.8+ and 2+ in 
Groups 1 , 3 and 4. The difference was not significant. 

Kidneys: No glomerular alteration and no acute tubular necrosis or blockage by pigment casts were 
found. Tubular epithelial vacuolization was uniformly found in the subcapsular area. Extension from here 
toward the cortico-medullary junction was graded as 1.6+ for the PPF group, and respectively 1.8 + , 2.15 + 
and 2.7+ for Groups 1, 3 and 4. The difference between PPF and the hemoglobin groups was significant 
only for Group 3. 


DISCUSSION AND CONCLUSION 

Both the chemical and histopathologic changes observed in this study were mild-to-moderate and 
theoretically reversible. The determination of such reversibility is currently being investigated with the period 
of observation being extended from 24 hours to 1 week. 
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EXAMPLE V 

EXCHANGE TRANSFUSION OF RABBITS 

5 Utilizing the experimental protocol set out in detail in Exannple IV, three groups of rabbits were 
hemorrhage-transfused. One group of six rabbits (Group A) had one-third of the estimated blood volume 
replaced with a hemoglobin solution containing 1-2 endotoxin units per ml. One group of four rabbits (Group 

B) had one-third of the estimated blood volume replaced with 5% PPF. Another group of six rabbits (Group 

C) had one-third of the estimated blood volume replaced with a hemoglobin solution of the present 
70 invention, this solution characterized as follows: 



Run 1 

Run 2 

Run 3 

Average 

1 . Hemoglobin, g/dl 

11.6 


11.6; 

11.4; 

11.5 

2. Oxy-hemoglobin, % 

90.3 


90.2; 

90.1; 

90.2 

3. Carboxy-Hb, % 

0.1 


0.3; 

0.5; 

0.3 

4. Met-Hb, % 

9.6 


9.5; 

9.7; 

9.6 

5. Oxygen Vol. % 

14.7 


14.6; 

14.4; 

14.6 

6. pH, Units 

7.140; 

7.161; 

7.168; 

7.156 

7. PCO2 , Torr 

14.1 


10.4; 

10.2; 

11.6 

8. PO2, Torr 

147.5 


147.2; 

147.0 

147.2 

9. Pso- Torr 

28.0 




28.0 

10. Colloid Osmotic Pressure, Torr 

20.7 


21 .0; 

20.9 

20.9 

11. Sodium, mEq/L 

114.6 


113.9 

115.1 

114.5 

12. Potassium, Eq/L 

3.72; 

3.63; 

3.70; 

3.68 

13. Chloride, mEq/L 

111.0; 

208.4; 

107.2; 

108.9 

14. Phosphorus, ng % 

0.097 

0.097 

0.097 

0.097 

15. Endotoxins, EU/ml 

0.29 

0.19 

0.23 

0.23 

16. Phopholipids, by TLC 




absent 


17. Polymerization, by column 85% above tetrameric form, chromatography 


Comparisons for each group of one-third transfused rabbits during the twenty-four hour period following 
transfusion was made with regard to platelet numbers, white blood cell numbers, serum fibrinogen levels, 

35 prothrombin levels, and serum creatinine levels. The collected data appears in Figures 2-6 respectively. In 
each of Figures 2-6, the triangles represent means values (± standard error) of the Group A rabbits, the 
squares represent the means values (± standard error) for the Group B rabbits, and the circles represent the 
means value (± standard error) for the Group 0 rabbits. 

A comparison of the data represented by Figures 2-6 demonstrates the cross-linked hemoglobin 

40 solution of this invention caused no mortality and no clinically important signs. Using an analysis of 
variance, at 24 hours post infusion there were no significant differences among the groups except for a 
slight increase in systolic pressure and an elevation of SGOT. The elevation of systolic blood pressure was 
considered clinically unimportant because it occurred within the clinicially acceptable range of 1,379*10^ Pa 
( + 20mm Hg). The SGOT elevation was considered spurious because of colorimetric interference by plasma 

46 hemoglobin. Although the test groups exhibited transient hemoglobinuria, no significant increase in BUN or 
serum creatinine was detected. Similar histopathologic changes were found in both the PPF and the cross- 
linked hemoglobin solution of the present invention groups. These alterations were considered to be 
nonspecific and appeared to be reversible in nature. 

60 EXAMPLE VI 

EXCHANGE TRANSFUSION IN DOGS 

Preliminary studies on exchange transfusions in dogs were performed on beagles and mongrel hounds 
55 with total blood volume exchanges ranging between 25% - 75%. Dogs one, two and three are beagles 
weighing approximately ten kilograms each, and dogs number four, five and six are mongrel hounds 
weighing approximately 20 kilograms each. 

Dog number one (Figure 8) is a beagle whose initial hematocrit of 24% indicated that he was anemic 
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prior to transfusion. The anemia is of an undetermined type. This dog underwent a 40% exchange 
transfusion. Initial response was characterized by a rapid rise In hematocrit so that after 1 .5 hours following 
exchange transfusion the hematocrit was measured at 28%. Subsequently, the hematocrit rose above 36% 
by the second post transfusion day and remained in the range of 40% (102 days following transfusion). 

5 There was also a sustained rise in the hemoglobin which initially represented both intracellular hemoglobin 
and free plasma hemoglobin as a result of the test infusion. 

Chem 20 profiles obtained in a serial fashion, in general, failed to reveal any significant abnormalities 
although there was an indication of increased lever enzyme levels during the first nine days following 
infusion. Interpretation of these results is difficult because of interference produced by free hemoglobin in 

10 solution with standardized automated means of measuring liver enzymes. 

Boston dog number two (Figure 9) is a beagle who underwent a 25% exchange transfusion also without 
adverse clinical effects. The initial hematocrit was appropriately depressed after the exchange transfusion 
and rapidly rose to exceed the resting level of 37% after 8 hours. The elevated hematocrit level was 
sustained through the 92nd post transfusion day and is confirmed by appropriate parallel increases in the 

75 RBC count indicating increased red cell production. Similar lever enzyme changes were noted in the 
Creatanine and appeared to be slightly elevated above resting levels. The remaining Chem 20 values did 
not change significantly. 

Boston dog number three (Figure 10) is a beagle who underwent a 33% exchange transfusion. A similar 
rise above resting hematocrit levels was noted after the first day and this was sustained through the 78th 
20 post transfusion day. 

The liver enzymes showed a slightly different picture in this animal. Although the LDH appeared to have 
a transient elevation during the first two days, the LDH levels were normal thereafter. In contrast, the SGOT 
and SGPT values appeared to be moderately elevated over the resting levels for weeks after the initial 
transfusion. Clinically the animal appeared to have no adverse effects. However, the serum creatanine levels 
25 were slightly elevated following the infusion. 

Dog number four (Figure 11) is a mongrel weighing approximately 17 kilograms and was used as a 
control animal. A 33% hemorrhage was induced and the extracted blood volume was replaced with an equal 
amount of 5% human albumin. This was followed by the hematocrit level returning to normal and slightly 
exceeding the resting value for the ensuing 81 days served. 
30 Dog number five (Figure 12) is a mongrel hound weighing approximately 20 kilograms who underwent a 
75% exchange transfusion with a significant decrease in hematocrit followed by an increase in hematocrit 
exceeding the resting level on the 7th post transfusion day. The animal sustained a hematocrit which 
exceeded the resting level for the ensuing 43 days following the transfusion. 

The liver enzymes showed a transient rise in LDH and SGOT which gradually returned to the norma! 
35 range. There was a single observation of an increase in SGPT which may have been aberrant data. 

Dog number six (Figure 13) is a mongrel hound weighing approximately 20 kilograms who underwent a 
75% exchange transfusion with similar findings as that found in dog number five. 

All of the dogs tested appeared to be well clinically and experienced a rapid return to normal behavioral 
activity immediately after the acute effects of the anaesthesia subsided. There do not appear to be long 
40 term adverse effects observed in any of the tested animals. 

SUMMARY 

In a preliminary study of acute toxicity and efficacy of the cross-linked hemoglobin solution of the 
45 invention, five test dogs received single exchange transfusions replacing 25-75% of calculated blood 
volume and one control dog underwent a 33% exchange replacement with 5% albumin. 

There was no mortality or clinical morbidity in any animal acutely or during an extended observation up 
to twelve weeks. All test dogs exhibited normal activity immediately after replacement and experienced a 
rapid return of RBC parameters to the normal range within two weeks. Test animal chemistry profiles 
60 remained within normal limits except for a transient elevation of liver enzymes, a finding also observed in 
the control dog (Dog #4). Arterial blood gas results on samples taken during and immediately after the 
exchange transfusions indicated that normal PO2 values were maintained in all animals including the two 
dogs which underwent 75% exchanges. 

Dogs #5 and #6 both received exchange transfusions of approximately 75% of the blood volume 
65 (calculated by body weight). Dog #5 underwent a 50% blood volume hemorrhage followed by immediate 
replacement with 5% albumin solution as a first step in the exchange transfusion. This was followed by a 
rapid removal of another 50% of the blood volume at which time Dog #5 became dyspnic manifested by a 
sudden increase in respiratory rate from 14 per minute to 38 per minute associated with agonal breathing 
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pattern. Because of the obvious clinical distress exiiibited by Dog #5 at this time an equal amount of the 
cross-linked hemoglobin solution of the invention solution was rapidly infused to restore the blood volume to 
normal. During the infusion of the cross-linked hemoglobin solution of the invention the respiratory rate 
returned to 14 associated with a cessation of the labored breathing pattern. Blood gas determinations prior 

5 to the first hemorrhage, after the first replacement and after the second replacement indicated that the PO2 
remained within the normal range. 

Dog #6 also underwent a 75% exchange transfusion similar to Dog #5 but this time replacing the first 
50% hemorrhage with an equal volume of the cross-linked hemoglobin solution of the invention and the 
second 50% hemorrhage with an equal volume composed of the cross-linked hemoglobin solution of the 

70 invention and 5% albumin mixed in equal parts. After the first hemorrhage and replacement, there were no 
signs of respiratory distress and there were no signs of respiratory distress during or after the second 
hemorrhage and replacement. 

The arterial blood gas determinations during and after the exchange transfusion indicated a normal PO2 
was maintained throughout the exchange. 

75 These data suggest that the cross-linked hemoglobin solution of the invention has both a volume 
expansion and an oxygen transport function. The response to a single transfusion of the cross-linked 
hemoglobin solution of the invention did not appear to be associated with abnormal clinical behavior or 
abnormal chemistry of hematologic parameters, although a transient rise in liver enzymes was seen in both 
the test dogs and the control. 

20 

EXAMPLE VII 

IMMUNOGENICITY STUDIES 

25 The immunogenicity of the hemoglobin solution produced in accordance with the protocol of Example I 
and having the properties as characterized above (Invention Hemoglobin solution) was tested in primates, 
subjected to three hemorrhage-transfusions of 1/3 the calculated blood volume. 

Six Coebus monkeys, of 4 Kg body weight, were sedated with Ketamine, 15 mg/Kg body weight 
intramuscularly, and restrained. Sterile cannulae were inserted percutaneously into one femoral artery and 

30 vein. Blood was removed from the artery in an amount corresponding to 2% of body weight in kilograms 
(approximately 1/3 of blood volume). The Invention Hemoglobin solution was infused through the vein over a 
period of 30 minutes. Blood samples (2.5 ml) were taken (1) before the removal of blood, (2) 1 hour after 
the infusion of Invention hemoglobin, (3) daily for 1 week, (4) weekly for 1 month, (5) monthly for three 
months. The sera were tested for the presence of antibodies, using Ouchterlony's test. The same 

35 experiment was carried out after 3 and 6 months. Thus, each animal underwent 3 Invention Hemoglobin 
infusions at three-month intervals. 

All animals survived the cycle of three hemorrhage-transfusions. No sign of toxocity was noted (all 
animals appeared normal). The Ouchterlony test resulted consistently negative for all sera, in all animals. 

40 EXAMPLE VIII 

MATERIAL PERSISTANCE IN THE CIRCULATION 

This study was undertaken to demonstrate the unique vascular persistance of the hemoglobin product 
46 of the invention. Since the early days of hemoglobin research, it has been stated that hemoglobin is only 
maintained briefly in the circulation. The new technique and unique product not only works effectively but is 
maintained In the circulation. 

To define the molecular weight of the product, we have developed data that characterizes the unique 
hemoglobin-based temporary blood substitute of this invention. We have measured the time elimination of 
60 the material in dog sera and have been able to characterize the blood substitute as having the following 
characteristics by testing protocol. In the following examples, the hemoglobin used on the test animals is 
the hemoglobin product produced in accordance with Example I and is referred to as Invention Hemoglobin. 
1. Determination of molecular weight distribution of hemoglobin in dog sera 

Beagle dog sera which had been obtained during efficacy trials of isovolemic exchange down to 5% 
65 hematocrit with Invention Hemoglobin were checked concerning their hemoglobin-molecular weight 
distribution by gel permeation chromatography (HP 1090 A). Changes in molecular weight distribution 
with time after Invention Hemoglobin application were as follows. 
1.1 Analytical Conditions: 
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HPLC-Devlce: 
Integrator: 

Detector: 

GPC-column: 

Eluent: 

Detection wavelengths: 


HP 1090 A 
HP 3392 

Diode array- UV-V/S/ (Hewlett Packard) 
TSK G 3.000 SW 300 mm x 7.5 mm 
0.1 n K2HPO4 (pH 7.0) 

260 nm (marker proteins) / 405 nm (hemoglobin in dog sera) 


Results 


10 These results are tabulated In the following Table V and then graphically represented in Figure 14. It is 
easily seen that vascular persistance is maintained for much longer than the originally reported 24-hour 
period demonstrated in other solutions. 


Table V 

15 


Evaluation of Beagle Dog Sera 


% Hb 


Peak No. 



*3 

^4 

Dog serum, 0 value 


3.14 

6.62 

5.4 


3 hr 20 min 

5.8 

129.11 

184.45 

239.78 

719.35 

24 h 

5 

170.11 

188.34 

230.87 

461 .74 

48 h 

4.5 

511.98 

236.29 

249.42 

249.42 

96 h 

3.8 

910.38 

165.00 

172.50 

127.50 

120 h 

2.8 

1 ,058.81 

80.00 

80.00 

40.00 

144 h 

1.5 

1 ,837.00 

60.00 

60.00 

15.00 

168 h 

0.7 

1,455.17 

42.50 

45.00 

5.00 

216 h 

0.08 

11.18 

17.74 

18.47 


240 h 

0.09 

7.25 

19.34 

22.97 


294 

0.1 

6.52 

55.05 

25.35 



* The numbers in each column represent the peak height in centimeters times the 
full scale (in millivolts). 

35 

Due to the elimination of hemoglobin the concentration decreases continuously (see Table V)- There- 
fore, it had been necessary to work with increasing amplifications ("full scale" (mV)) of the integrator 
system. In order to be able to compare the chromatographic peaks of different samples, peak areas of peak 
weights had to be recorded. This was carried out as follows: 
40 The peak heights were multiplied by the amplification "full scale". The resulting values could be shown 
to be linear regarding hemoglobin concentation; this has been verified by adding Invention Hemoglobin to 
dog sera in hemoglobin concentrations from 1% to 7%. By plotting values log "peak height X full scale" vs. 
sampling time of sera (up to 294 h (Table V)), the kinetics shown in Figure 14 can be obtained. Peak No. 1, 
representing the part of hemoglobin molecular weight distribution with the highest molecular weight, shows 
46 the highest retention time value, as is expected from theory. Half-life values cannot be calculated from this 
curve because it does not reveal an ideal exponential function. 

For the hemoglobin-components, represented by peaks 2, 3, and 4, respectively, the following 
intravascular half-life values were found: 
peak 2: ca.84 h 
50 peak 3: ca.68 h 
peak 4: ca.24 h 

Decreasing half-life values, i.e., shorter intravascular retention times with decreasing molecular weight, 
confirm theoretical expectations. 

Twenty-four hours after Invention Hemoglobin infusion, the molecular weight distribution in serum and in 
65 urine were examined. This comparison shows that exclusively peak No. 4, standing for the 68,000-Hb- 
component, appears in the urine after that time. 

The amount of the Hb-component (peak No. 4) in percent of the total Invention Hemoglobin molecular 
weight distribution can be calculated by integration of the peak areas (see the following Table VI). 
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Table VI 


Sample 

Peak No. 4 Area 


(% of Total Distribution) 

Invention Hemoglobin 

48.0 

Serum 3 h 20 min 

44.0 

24 h 

38.9 

48 h 

14.6 


The best representation of elimination from sera is demontrated by tlie lialf-life evaluation curves in 
Figure 14. In this figure, which is a graphical representation of the data of Table V, the data is a 
representation in percent of total Invention Hemoglobin remaining In each subgroup molecular weight 
percentage. 

EXAMPLE IX 


SHEEP EXPERIMENTS 
Objective 


The objective of this study was to determine the efficacy of Invention Hemoglobin solution infusion in 
splenectomized sheep through repeated exchange transfusion and removal of red blood cells, and lowering 
of hematocrit to approximately 5%. By this testing design, the potential efficacy of Invention Hemoglobin 
solutions may be demonstrated by survivability in the absence of red blood content sufficient to sustain life. 
The nature, degree, and duration of therapeutic effect was also assessed for each animal in this study. 

Test Substance 


Invention Hemoglobin solution as described above and as produced by Example I. 
Test System 


Purebred or mixed-breed sheep weighing 20.0 to 25.0 Kg were used for this study. Animals were 
obtained from a commercial colony whose animals have been certified for general health prior to the study 
and were known to be sero-negative for Q-fever. The sheep were vaccinated for common viral and bacterial 
pathogens; tested and treated for endo-and ectoparasites; and otherwise treated to minimize the effects of 
any diseases which could create a variable. Animals were housed individually in pens bedded with 
shavings, fed guaranteed sheep ration and had continuous access to potable water. Environmental 
parameters were maintained at 21 ,1 " C±1 ,6" C (70"F±3°F), 45% RH+ and 12 hr/12 hr light cycle. The 
animal room was operated as a conventional animal room, but technicians wore gloves, lab coats, and 
gowns when performing procedures. 

Instrumentation 

At least two weeks prior to study, sheep were fasted for 24 hours, pre-anesthetized with 0.2 mg I.M. 
atropine sulfate, anesthetized with 4% halothane by mask, intubated and maintained with approximately 2% 
halothane. Splenectomy was then performed using aseptic technique through a ventral midline approach. 
The spleen was injected with 1:1000 epinephrine during this procedure to mobilize any stored RBCs. 
Following splenectomy, bone marrow and liver biopsies were taken. Animals were then allowed to recover 
for 14 days and monitored for continued good health. Hematology values were compared before and after 
splenectomy to determine any possible deleterious effects from the pre-study surgery procedure. 

In order to conserve the test product Invention Hemoglobin, the initial exchanges were made with 
Ringer's lactate solution until a hematocrit of approximately 20% was achieved. Then additional exchanges 
were made using Invention Hemoglobin until the residual hematocrit was less than 5%. For this study, 7 
sheep which were screened for general good health and pretreated for diseases were selected. Animals 
were uniquely identified for this study. In addition, 6 control sheep were tested in a similar way with 
Hespan™ (hydroxyethyl starch solution) alone. During this study, one sheep was randomly selected for 
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testing one each of eight testing days. The sheep were fasted for 24 hours prior to the study, and water was 
withheld approximately 16 hours. Sheep were weighed, premedicated with 0.2 mg I.M. atropine sulfate and 
anesthetized with 4% halothane administered by facennask. When suitably anesthetized, the sheep were 
intubated and maintained on approximately 2% halothane. Anesthesia was titrated to Stage III, Plane 2-3 

5 and maintained. The femoral artery was dissected using aseptic techniques and 15-gauge catheters were 
placed in the vessel. Using similar techniques, the jugular was catheterized with a large bore Swan-Ganz 
catheter. The animal was then placed in a metabolic cage and was allowed to recover for two hours. 
Baseline blood pressure, measured by arterial catheter transducer, and blood pressure were obtained using 
the implanted catheters. Twenty cc's of blood were removed each time for analysis of hematology, 

10 chemistry, and blood gas determinations. Using an isovolumetric method, the blood volume was replaced in 
each animal, as follows: 

Procedure 

75 1 . Approximately 400 to 600 ml of the calculated circulatory volume (CV) was withdrawn from the femoral 
artery catheter. Blood pressure recordings were taken again and after shock was produced (BP of 60/40) 
saline was infused with Ringer's lactate at 5 to 10 ml/minute to replace the whole blood (equal volume). 
Blood pressure recordings and samples were again made following this infusion and the animal was 
allowed to stabilize. 

20 2. After the stabilization period, blood pressures were recorded, followed by a second removal of another 
400-600 ml of blood. Following this blood withdrawal, blood pressure values, samples, and clinical 
evaluation for signs of shock were performed for approximately 10 minutes. 

3. After the 10 minute evaluation period. Invention Hemoglobin solution was administered at an infusion 
rate of 10 ml/minute. Blood pressure, samples, and clinical signs were monitored for 10 minutes to 

25 identify conditions which would represent therapeutic effects. 

4. Steps 2 and 3 were repeated until the hematocrit was reduced to below 5%. Animals were observed 
continually and clinical signs were recorded. 

5. Each animal was monitored so as to check for any signs associated with hemorrhage and treatment 

for a period of 2 hours. A terminal blood sample of 20 cc's was taken for hematology, chemistry, and 
30 blood gas analysis before removing the catheters and closing the catheterization sites sterilely under 
light halothane anesthesia. 

6. Changes in urinary output were monitored in a metabolic cage and recorded throughout the 
hemorrhage treatment and recovery periods. Blood gas values were also measured during each phase 
while arterial catheter was in place. 

35 7. When animals recovered from anesthesia, they were returned to their cages and given supportive 
therapy as necessary indicated by their clinical condition. Comprehensive clinca! monitoring and 
continued supportive therapy was provided for 21 days. 

At the beginning of the study, baseline blood samples were drawn from the jugular vein and 24-hour 
urine samples were collected for urinalysis. At daily intervals and at the conclusion of the study, 
40 comparative blood samples were drawn, urine was collected and the ophthalmological examinations were 
repeated. On Day 14, the sheep were anesthetized as previously described and repeated liver and bone 
marrow biopsies were performed. Animals that died were evaluated by gross pathological and 
histopathological evaluations. The spectrum of tests performed were: 

45 
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Hematology 


Clinical Chemistry 


Blood Gases 

f arterial) 


RBC 
WBC 

Platelet Count 
Differential WBC 
Hemoglobin 
Hemataocrlt 
REBC Morphology 
Reticulocyte Count 


Acfueous Humor 

Hemoglobin 

RBC 


SGOT 
SGPT 
LDG 

Alk Phos 
BUN 

Creatinine 
Bilirubin (I and 
D) 

Sodium 

Potassium 

Chloride 

Calcium 

Phosphorous 

Total Protein 

Albumin 

Globulin 

A/G/Ratio 

Glucose 

Cholesterol 

Osmolarlty 

Carbon Dioxide 

Triglycerides 

Iron 

Iron Building 
Capacity 

Urinalysis 

Specific Gravity 
PH 

Protein 

Glucose 

Ketones 

Hemoglobin 

Hemoglobin Polymer 

Creatinine/Sedi- 

ment Exam 


PO2 

PCO2 

PH 

O2 saturation 
O2 content 


Serum and 
Hemoglobin 
Boyine Hemoglobin 
Antibody 
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CSF 


Polymerized 


RBC 


Hemoglobin 
Hemoglobin 
Heptiglobin 


Ferritin 


Crpgg and HistP- 

logic Pathology 


PT Lungs 

PTT Liver (biopsies 


Heart 

Kidneys (L and R) 

Brain 

Eyes 

Adrenals (L and R) 
Thyroid S 
Bone Marrow 
(biopsies 
included) 


included) 
Fibrinogen 


Hemodynamics 

Cardiac Output 
(thermal dilu- 
tion) 
Arterial Pressure 
Central Venous 

Pressure 
Pulmonary Artery 
Wedge Pressure 


All data from observations and tests were recorded on specific history, observation and testing report forms. 
STATISTICAL ANALYSIS 

Seven sheep were tested using the efficacy protocol. Each sheep has baseline blood samples and 24- 
hour urine samples performed. These data were obtained at daily intervals during the follow-up period. For 
each day of follow-up, statistical comparisons were performed using the paired test comparing each follow- 
up measurement with the corresponding baseline measurement. Of particular interest is a comparison of 
blood and measurements immediately after the completion of all exchange transfusions with the cor- 
responding baseline measurements. 

REFERENCES 

1. Blood Policy and Technology (Washington, D.C.: U.S. Congress, Office Technology Assessment, 
OTA-H-260, January, pp. 133-150. 1985). 

2. "Blood Groups and Blood Transfusion." In: The Merck Veterinary Manual. 5 ed. Merck Company, Inc.. 
Rahway, NJ, pp. 42-49, 1979. 

3. Kolata, R.J., Burrows, C.F. and Soma, L.R., "Shock: Pathophysiology and Management." In: Current 
Veterinary Therapy in Small Animal Practice. 7th ed.. W.B. Saunders Company, Philadelphia, pp. 32-48. 


PRELIMINARY RESULTS OF THE SHEEP EFFICACY PROTOCOL are included in this example. The raw 
data regarding hemodynamic parameters Is presented in tabulated form in Tables VII (Test Animals) and 
VIII (Control Animals). The graphic presentation of the blood gas and hemodynamic data in Figures 15-19 
show that the test animals maintained arterial and venous oxygen contents well above the levels achieved in 
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the controls which received no oxygen-carrying volume replacennent during exchange transfusions. All test 
animals survived the exchange. 

In contrast, all six of the control animals did not survive the acute exchange transfusion. Six of the 
control animals showed deteriorating cardiac output as arterial and mixed venous oxygen contents, and 
5 hematocrits, fell below 10%. 

In Figure 18, the contribution of the Invention Hemoglobin as compared to the sheep hematocrit is 
compared at decreasing hematocrit levels. Figure 18 demonstrates that at the end of the exchanges when 
the residual hematocrit is below 5% that approximately 80-90% of the arterial oxygen content is contributed 
by the Invention Hemoglobin as compared to approximately 10-20% which is contributed by both the liquid 
10 phase of the blood and the remaining red blood ceils in the test animals. 

Both the test group and the control sheep breathed room air at all times during the experiment. Both 
the test group and the control group showed an identical decline in arterial oxygen content during the first 
exchange which lowered their respective groups from the baseline hematocrit down to the approximately 
20% hematocrit levels. From this point on, the test group received Invention hemoglobin in exchange for the 
75 native sheep red blood cells. At this point, the figures demonstrate that the oxygen content is well 
maintained in the animals where bovine hemoglobin is used to replace the removed blood. In the case of 
the controls, there is decrease in the venous oxygen contents which continues to parallel the decline in 
hematocrit since Hespan™ does not carry a significant amount of oxygen except as a dissolved gas. 

The association of oxygen delivery with the infused bovine hemoglobin is demonstrated in Figure 19 
20 which clearly shows the departure of the declining oxygen delivery which is at first associated with the 
declining hematocrit in the initial exchange and which then increases in association with the increasing 
concentration of bovine hemoglobin which is used to replace the sheep red blood cells during the 
exchange. 

25 CONCLUSIONS 

This study clearly demonstrates the efficacy of Invention Hemoglobin as an oxygen transport solution. 
The blood gas data and hemodynamic data are consistent with the survivability of the test animals in 
contrast to the control animals, none of which survived the acute exchange transfusion. Since the residua! 
30 hematocrits in all of the test animals were less than 5% and, in some cases, between 1 and 2%, study 
clearly demonstrates Invention Hemoglobin contributed significantly to adequate oxygen transport in the test 
animals. Furthermore, all of the test animals survived on a long-term basis without intensive care or 
increased inspired oxygen. 

35 


40 


45 


50 


55 


56 


EP 0 277 289 B1 


It 


If 


"I 

f! 
it 


iiiiii 

•• <r r ■ e ■ 


■J r» j! £ V « 


an 

iiii 

S * 


B|!S S| 
"2* 8 


m-im 


sss 


•r V n a £ 


« 5 


8 j 

li! Hi 


«33 


if 

P 


« << r>* 1^ ^ 


S9 

iiii 
*A*^A 

«<uo - 


K if 




St 


iiiii 



S! 

H 



1^ » » M niC 



V ki ti <« « 

^A^*A 
*i « « •» »» 

n « « n « « « 

M « fin 

! 





si! 

si 





ni 

Q or • if 

•'-2 

S 3 S X • ^ ^ 

C « 9 n »i J ■« 
£^ c 10 n ■« II 

iiiiiiii 




>>yri\-» * tin* 

•« 11 n n « n n ^ 

li 

w £ ■ 

n 4 iJ V ri 

n n « * <r 

e* e o«iin« 



'in 



-• -r — flj •! «J — 


8Si gyj8«9(li!;<;;g 


W'A*A^A s 


tut 


83883S 
Sit*!-* 


SU8I8 


iiii 
VAA 


8SS 
888 

82" S 


8888 888 


fi! • • • • • • 

h Hi hi ! 


^tj^888? 

«;8itj(8i;ai 

8ii?88S8 
8£li8JEsa 

8888888 


llliilli 

88ie3C^88 

•>t« 4 « r MwiS 


r» f» fl r ri rl 


888iS8S^8 
8882888^ 
S88888g8 

^AAAAAAA 


88x^88j^ 8 


Sn r M •■ 
« r» n « 

gtf ai •« fi 
_^ * « * * 

38]^$/ 
88%r:S 


iiiii 


liiii m 


h iiii lllilill 


»823P 
«f»r (i • 

S28^p 


•» r li 1* 

4 il R n n 

S&188 

2228? 


esii& 

S$8£8 

88888 
88=** . 

$ISS8 
S2*"" 

8 
• 

m 

i 


m m 


57 


EP 0 277 289 B1 


I 

d 


o 
u 
u 
c 


I 

CO 
M 
CO 

<: 
< 


1l 


II 


i: - 

t t 

in • 

i«i 


iiiii 


iiiiiii 


iiiii 




$ 2 if c C r ? 


S ^ r » r 

c- •* M n « r> 





«. M n M M 
- « I* n <« 

»t n # M f* 
n » • w « 



# ^ 1% f% M M M 

It n HI M M M 


« n n !>• n M 


go n # ft H 

O Ff> n « n M 

4 & 9 € 19 r 



*1 *■ # M 

IM »> M » M «| 

j> Ml? |C 


« » ki 4 «■ 

n fo •- • 


OS « # <« 

C- 1> « n ki 

^ r« n A n « n 





•i r « 4 n 

^ V ^ at n iti 4 
!*• f o O * ■ 1* 

n 4 4 n V M 

« V n « ■« n ^ 

ki 4 ^ 

n r n « n 

»> »l « •« « 

; fti — - 
V Pj a. ^ ^ 

a - 

V 

"J' S 8 ** * ' 

£ S J ? * 3 ? 

5 ^ w ^ n 


C- ■ 4- l« « 


w : 2* ^ o 

n M 9 ^ c ^ o 

V% Al W O O O 

« — » c * 



If lit 

! !» j[ ;i 

^ {* rJ •I M • 4 
w !<■ « nw a* 

c> N c* •» • <« n 


9 - » 4 0 

c f r ■* 

c- n - iy « w 
C n - ft o ? 


a »w* fi «u w w 

r r o n M ni M 


r « i n M 

r n « « a 

• r k-i A n w 

r n n 
^ « ^ « « 

n » V' ID M ■ 

« « * « « n 

#1* •* t) r» a a 

• 1* * ^ r* * 

'4 n 

* *. ' *. 

* 5^ rt # «^ ? 



1^ 1^ 


i*V 1* 

r»** r»t* f^r* 


iiiiiii 

n n ^ pt n A w 

t> » w* n n 
nn n n M M 

^ 1. n n n 

n n A: w Si w 

i- S i* £ * 
it n « w •* 

COS e« ee 
•« (Si • — 1* » 

« ro « w r « 

• 6 • • « o 

iiiiii 

« « » # « 

A nih 

w t» — » • r> 






ri y - ;• n • 

c :• c— 

«» r» 4 « 



n w • r n <r 

M C* 1^ 

M £ •• • r>' kl 


? 

5 

8 
8 

s 

• 

s 

s 


!^ 
all 


If 


- w u 
Wt X u 


EXAMPLE X 


DOG EXPERIMENTS 
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OBJECTIVE 

Invention Hennoglobin was tested for efficacy, tolerability, and side effects on beagle dogs. The 
experinnental arrangement was intended to answer the question of whether the preparation studied was able 
5 to assunne the oxygen transport function and the volunne replacennent in case of severe losses of 
endogenous blood, and how rapidly the hemoglobin supplied is excreted fronn the body. The tolerability and 
the occurrence of unexpected side effects was also determined secondarily. 

There is an indication for an O2 transportation solution only when the remaining amount of endogenous 
hemoglobin is no longer able to satisfy the O2 requirement of the tissue. From this it follows that the anemia 
10 of the experimental animals must be so severe that at least detectable injuries occur from the O2 
deficiency, and at the same time, the administration of the hemoglobin solution demonstrably prevents 
these injuries. 

TEST SUBSTANCE 

15 

Invention Hemoglobin solution as described above and as produced by the process of Example I. 
EXPERIMENTAL MODEL 

20 7 purebred beagle dogs were used for study who had been splenectomized approximately 3 weeks 
before the beginning of the study. 

INSTRUMENTATION 

25 After premedication and the initiation of anesthesia, an isovolemic hemodilution was carried out through 
peristaltic pumps In a controlled manner on 4 animals with Invention Hemoglobin solution up to a residual 
hematocrit of 5%, and on 3 control animals with a hydroxyethyl starch solution (HES) whose ionic 
composition and colloid osmotic pressure were equivalent to those of the Invention Hemoglobin solution. A 
number of parameters were determined during the exchange transfusion and the follow-up period of 10 

30 days. 

DOG TEST RESULTS 

In this study, 4 test dogs received exchange transfusion with Invention Hemoglobin under general 
35 anesthesia over a 3-hour period with measurements approximately every 10 minutes. All test dogs survived 
the acute exchange transfusion with residual hematocrits below 5%. The hemodynamic and blood gas 
analysis revealed that all test dogs were well oxygenated at the end of the procedure in contrast to the 3 
control dogs which did not survive the exchange transfusion with the hydroxyethyl starch solution. The 3 
control dogs had evidence of inadequate oxygenation associated with the decreasing hematocrit levels. 
40 Figures 20-24 demonstrate the differences in the test and control groups for selected parameters measured. 

CONCLUSION 

The preliminary results of this efficacy study demonstrate that Invention Hemoglobin solution contri- 
45 butes to normal oxygenation of test dogs which are severely depleted of red blood cell mass. In contrast to 
the control dogs which could not survive with very low residual hematocrit levels, the test animals all 
survived the acute exchange transfusion. The conclusion of this study is that it is evident that Invention 
Hemoglobin solution transports oxygen under extreme conditions of severe red blood cell loss. 

50 Claims 

1. A hemoglobin solution for transporting and releasing oxygen to living cells, comprising hemoglobin 
Isolated from the red blood cells of a mammal suspended in an aqueous medium, said hemoglobin 
solution being free of red blood cell stroma and having an endotoxin level of less than 0.5 endotoxin 
66 units per milliliter (EU/ml) determined by a chromogenic LImulus Amebocytic Lysate (LAL) assay 

against an end-point reaction made by a series of dilutions of a reference endotoxin solution and 
thereafter interpolating from a standard regression curve made from colorometric readings from said 
dilutions. 
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2. A hemoglobin solution of Claim 1 wherein said hemoglobin bovine hemoglobin. 

3. A hemoglobin solution of Claim 2 wherein said hemoglobin is crosslinked. 
5 4. A blood-substitute comprising the hemoglobin solution of Claim 3. 

5. A plasma-expander comprising the hemoglobin solution of Claim 3. 

6. A resuscitation fluid comprising the hemoglobin solution of Claim 3. 

70 

7. A blood substitute comprising an aqueous solution of crosslinked hemoglobin, said blood substitute 
being substantially free of cell stroma, non-hemoglobin proteins and pyrogens and having an endotoxin 
level which upon in vivo administration does not cause complement activation. 

75 8. A blood substitute according to claim 7 wherein the hemoglobin is crosslinked bovine hemoglobin. 

9. A blood substitute according to claim 7 wherein the endotoxin level is less than 0.5 endotoxin units per 
milliliter (EU/ml) determined by a chromogenic Limulus Amebocytic Lysate (LAL) assay against an end- 
point reaction made by a series of dilutions of a reference endotoxin solution and thereafter interpolat- 

20 ing from a standard regression curve made from colorometric readings from said dilutions. 

10. A blood substitute comprising an aqueous solution of hemoglobin derived from bovine red blood cells, 
said hemoglobin being crosslinked to a sufficient degree to provide polyhemoglobin with at least 50% 

of said polyhemoglobin of greater than tetrameric form, said blood-substitute: 
25 a) having a P50 measured under human physiologic conditions in the range of from 2399,4 to 4798,8 

Pa (i.e. 18 to 36 mmHg); 

b) being free of red blood cell stroma and non-hemoglobin proteins; and 

c) having an endotoxin level of less than 0.5 endotoxin units per milliliter (EU/ml) determined by a 
chromogenic Limulus Amebocytic Lysate (LAL) assay against an end-point reaction made by a 

30 series of dilutions of a reference endotoxin solution and thereafter interpolating from a standard 

regression curve made from colorometric readings from said dilutions. 

11. A blood-substitute of Claim 10 having an endotoxin level of less than 0.02 EU/ml. 

35 12. A blood-substitute comprising an aqueous solution of crosslinked hemoglobin, said hemoglobin being 
derived from bovine red blood cells, said blood-substitute characterized by: 

a) an endotoxin concentration of less than 0.02 endotoxin units per milliliter (EU/ml) determined by a 
chromogenic Limulus Amebocytic Lysate (LAL) assay against an end-point reaction made by a 
series of dilutions of a reference endotoxin solution and thereafter interpolating from a standard 

40 regression curve made from colorometric readings from said dilutions; 

b) a phospholipid concentration of less than about 1 nanogram per milliliter; 

c) a hemoglobin molecular weight distribution of greater than 90% in the range of 68,000-500,000 
daltons; 

d) an osmolarity as measured by freezing point depression in the range of 180-320 milliosmoles per 
46 liter; 

e) a hemoglobin content of from 5 to 25 grams per deciliter; 

f) a methemoglobin content of less than 20, by weight; 

g) a P50 in the range of 2399,4 to 4798,8 Pa (i.e. 18-36 mm Hg); 

h) an intravascular half-life of at least four days; 

60 i) being substantially free of red blood cell stroma, non-hemoglobin proteins and pyrogens. 

13. A mammalian blood-substitute comprising crosslinked hemoglobin suspended in an aqueous medium, 
said hemoglobin having been derived from mammalian blood cells, said blood-substitute having: 
crosslinked hemoglobin having a molecular weight distribution of greater than 90% in the range of 
55 68,000 to 500,000 daltons; an osmolarity as measured by freezing point depression in the range of 180- 

320 milliosmoles per liter of solution; a final hemoglobin content of from 9 to 13 grams per deciliter; a 
methemoglobin content of less than 10%, by weight; physiologic levels of sodium chloride and 
potassium chloride; less than about one nanomole of phospholipid per milliliter; less than one part per 
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million of crosslinking agent; a P50 in the range of 2399,4 to 4798,8 Pa (i.e. 18-36 mmHg); an 
intravascular half-life of at least four days; and an endotoxin level of less than about 0.5 endotoxin units 
per milliliter (EU/ml) determined by a chromogenic Limulus Amebocytic Lysate (LAL) assay against an 
end-point reaction made by a series of dilutions of a reference endotoxin solution and thereafter 
5 interpolating from a standard regression curve made from colorometric readings from said dilutions. 

14. A blood-substitute of Claim 12 further characterized by the fact that, in vivo, it: 

a) does not activate complement; 

b) does not cause hemorrhagic disorders; 

70 c) does not cause abnormal platelet function or aggregation; 

d) does not cause abnormal prothrombin times (FT); 

e) does not cause abnormal partial thromboplastin times; 

f) does not interfere with blood typing or cross-matching; 

g) is non-toxic to the kidneys of normal healthy mammals at concentrations of 3.5 grams per 
15 kilogram body weight and 8 grams per deciliter circulating blood volume; 

h) exhibits circulating persistence of at least seven days; and 

i) acts as a stimulus to accelerated erythropoiesis. 

15. A method for producing a hemoglobin solution being free of endotoxins by performing the following 
20 sequence of steps under substantially endotoxin free conditions: 

a) disrupting the red blood cell fraction of bovine blood without prior washing to produce a 
hemoglobin-containing fraction; 

b) clarifying said hemoglobin-containing solution to produce a stromal-free hemoglobin-containing 

solution; 

25 c) microporously filtering said stromal-free hemoglobin-containing solution to produce a partially 

sterilized, stromal-free, hemoglobin-containing solution; 

d) ultrafiltering said partially sterilized, stromal-free hemoglobin-containing solution to produce a size- 
separated, partially sterilized, stromal-free, hemoglobin-containing solution; 

e) chromatographically treating said size-separated, partially-sterilized, stromal-free, hemoglobin- 
30 containing solution to produce a phospholipid-free hemoglobin; and 

f) eluting said phospholipid-free hemoglobin to produce a phospholipid-free, endotoxin-free hemoglo- 
bin solution. 

16. A method of Claim 15 including the additional steps of crosslinking hemoglobin in said phospholipid- 
35 free, endotoxin-free hemoglobin solution to produce a semi-synthetic blood substitute. 

Revendlcatlons 

1. Solution d'hemoglobine pour transporter de I'oxygene vers des cellules vivantes et y degager cet 
40 oxygene, la solution comprenant de I'hemoglobine, isolee a partir des globules rouges du sang d'un 
mammifere et en suspension dans un milieu aqueux, cette solution d'hemoglobine etant depourvue de 
stroma de globules rouges du sang et ayant un taux d'endotoxines inferieur a 0,5 unite d'endotoxines 
par millilitre (UE/ml), determine par un essai de dosage chromogene a I'aide d'un lysat d'amibocytes 
de limule en fonction d'une reaction dont le point final ou la fin est d^c^l^e par virage, operation 


46 realisee a I'aide d'une serie de dilutions d'une solution d'endotoxines de reference, puis interpolation a 
partir d'une courbe de regression normale obtenue a partir de lectures colorimetriques sur de telles 
dilutions. 

2. Solution d'hemoglobine selon la revendication 1, dans laquelle ladite hemoglobine est de I'hemoglobine 
50 de bovin. 

3. Solution d'hemoglobine selon la revendication 2, dans laquelle ladite hemoglobine est reticulee. 

4. Substitut du sang, comprenant la solution d'hemoglobine selon la revendication 3. 

65 

5. Produit pour augmenter le volume du plasma, ce produit comprenant la solution d'hemoglobine selon la 
revendication 3. 
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6. Fluide pour reanimation, comprenant la solution d'hemoglobine selon la revendication 3. 

7. Substitut du sang comprenant une solution aqueuse d'hemoglobine reticulee, ledit substitut du sang 
etant essentiellement depourvu de stroma de cellules, de proteines qui ne sont pas de la nature de 

5 rhemoglobine et de matieres pyrogenes, et ayant un taux d'endotoxines qui, lors d une administration 
a un etre vivant ("In vivo"), ne provoque pas d'activation du complement. 

8. Substitut du sang selon la revendication 7, dans lequel rhemoglobine est de rhemoglobine de bovin, 
reticulee. 

70 

9. Substitut du sang selon la revendication 7, dans lequel le taux des endotoxines est inferieur a 0,5 unite 
d'endotoxines par millilitre (EU/ml), taux determine par un essai de dosage chromogene effectue a 
I'aide d'un lysat d'amibocytes de limule, en fonction d'une reaction dont le point final ou la fin est 
determine par virage et que Ton realise par une serie de dilutions d'une solution d'endotoxines de 

75 reference puis interpolation a partir d'une courbe normale de regression obtenue a partir de lectures 
colorimetriques effectuees sur lesdites dilutions. 

10. Substitut du sang, comprenant une solution aqueuse d'hemoglobine provenant de globules rouges du 
sang de bovin, ladite hemoglobine etant reticulee a un degre suffisant pour fournir de la polyhemoglo- 

20 bine dont au molns 50 % ont une taille superieure a la forme de tetrameres, ledit substitut du sang : 

a) ayant une P50, mesuree dans des conditions physiologiques humaines, se situant entre 2 399,4 et 
4 798,8 Pa. c'est-a-dire entre 18 et 36 mm de Hg ; 

b) etant depourvu de stroma de globules rouges du sang et de proteines qui ne proviennent pas de 

rhemoglobine ; et 

25 c) ayant un taux d'endotoxines inferieur a 0,5 unite d'endotoxine par millilitre (UE/ml), ce qui est 

determine par un essai de dosage chromogene a I'aide d'un lysat d'amibocytes de limule, en 
fonction d'une reaction dont le point final ou de virage est obtenu par une serie de dilutions d'une 
solution d'endotoxines de reference puis interpolation d'une courbe normale de regression obtenue 
a partir de lectures colorimetriques sur lesdites dilutions. 


30 


11- Substitut du sang selon la revendication 10, ayant un taux d'endotoxines inferieur a 0,02 UE/ml. 


12. Substitut du sang comprenant une solution aqueuse d'hemoglobine reticulee, ladite hemoglobine 
provenant de globules rouges du sang de bovin, ledit substitut du sang etant caracterise par : 
35 (a) une concentration d'endotoxines inferieure a 0,2 unite d'endotoxines par millilitre (UE/ml), ce 

qu'on determine par un essai de dosage chromogene a I'aide d'un lysat d'amibocytes de limule en 
fonction d'une reaction dont le point final, determine par virage, est obtenu par une serie de dilutions 
d'une solution d'endotoxines de reference puis interpolation a partir d'une courbe normale de 
regression obtenue a partir de lectures colorimetriques sur lesdites dilutions ; 
40 (b) une concentration en des phospholipides inferieure a environ 1 nanogramme par millilitre ; 

(c) une distribution du poids moleculaire de rhemoglobine telle que plus de 90 % de ce poids 
moleculaire se situent entre 68 000 et 500 000 daltons ; 

(d) une osmolarite, mesuree par abaissement du point de congelation, se situant entre 180 et 320 
milliosmoles par litre ; 

46 (e) une teneur en hemoglobine de 5 a 25 grammes par decilitre ; 

(f) une teneur en methemoglobine inferieure a 20 % en poids ; 

(g) une P50 comprise entre 2 399,4 et 4 798,8 Pa (c'est-a-dire 18 a 36 mm de Hg) ; 

(h) une periode de demi-vie intravasculaire d'au moins quatre jours ; 

(i) ce substitut etant essentiellement depourvu de stroma de globules rouges du sang, de proteines 
60 ne provenant pas de rhemoglobine et de matieres pyrogenes. 


13. Substitut de sang de mammifere, comprenant de rhemoglobine reticulee en suspension dans un milieu 
aqueux, ladite hemoglobine provenant de globules de sang de mammifere, ledit substitut du sang 
comportant : de rhemoglobine reticulee ayant une distribution du poids moleculaire telle que plus de 
55 90 % de cette hemoglobine se situent entre 68 000 et 500 000 daltons ; une osmolarite, mesuree par 

abaissement du point de congelation, se situant entre 1 80 et 320 milliosmoles par litre de solution ; une 
teneur en hemoglobine finale de 9 a 13 grammes par decilitre ; une teneur en methemoglobine 
inferieure a 10 % en poids ; des taux physiologiques de chlorure de sodium et de chlorure de 
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potassium ; moins d'envlron 1 nanomole de phospholipides par millilitre ; moins d'une partie par million 
d'un agent de reticulation ; une Pso se situant entre 2 399,4 et 4 798,8 Pa (c'est-a-dire 18 a 36 mm de 
Hg) ; une periode de demi-vie intravasculaire d'au moins quatre jours ; et un taux d'endotoxines 
inferieur a environ 0,5 unite d'endotoxine par millilitre (UE/ml), taux determine par un essai de titrage 
5 chromogene a I'aide d'un lysat d'amibocytes de limule en fonction d'une reaction dont le point final ou 

la fin est determine par virage, que Ton realise par une serie de dilutions d'une solution d'endotoxines 
de reference puis interpolation a partir d'une courbe normale de regression obtenue a partir de lectures 
colorimetriques effectuees sur lesdites dilutions. 

10 14, Substitut du sang selon la revendication 12, caracterise en outre par le fait que, dans I'etre vivant ("in 

vivo"), ce substitut : 

(a) n'active pas de complement ; 

(b) ne provoque pas de troubles hemorragiques ; 

(c) ne provoque pas un role anormal des plaquettes ou une agregation des plaquettes ; 

15 (d) ne provoque pas Tapparition de temps anormaux de consommation de la prothrombine (TCP) ; 

(e) ne provoque pas I'apparition de temps anormaux de formation de thromboplastine partielle ; 

(f) ne gene pas la determination des types ou groupes sanguins ni un test d'epreuve croisee ; 

(g) n'est pas toxique pour les reins de mammiferes normaux en bonne sante, a des concentrations 
de 3,5 g/kg de poids corporel et de 8 g par decilitre de volume de sang en circulation ; 

20 (h) presente une persistance dans la circulation d'au moins sept jours ; et 

(i) joue le role d'un stimulus accelerant Terythropoiese. 

15. Precede pour produire une solution d'hemoglobine depourvue d'endotoxines, par la realisation de la 

sequence suivante d'etapes dans des conditions d'absence quasi-totale d'endotoxines : 
25 (a) rupture de la fraction des globules rouges du sang de bovin, sans lavage preliminaire, pour 

produire une fraction contenant de I'hemoglobine ; 

(b) clarification de ladite solution contenant de I'hemoglobine, pour produire une solution contenant 
de I'hemoglobine et depourvue de stroma ; 

(c) filtration, sur un milieu microporeux, de ladite solution contenant de I'hemoglobine et depourvue 
30 de stroma, pour produire une solution partiellement sterilisee, contenant de I'hemoglobine et 

depourvue de stroma ; 

(d) ultrafiltration de ladite solution partiellement sterilisee, contenant de Themoglobine et depourvue 
de stroma, pour produire une solution contenant de I'hemoglobine, depourvue de stroma, partielle- 
ment sterilisee et presentant une separation des failles (des molecules) ; 

35 (e) traitement chromatographique de ladite solution contenant de I'hemoglobine, sans stroma, 

partiellement sterilisee, ayant subi une separation des tallies (de molecules), pour produire une 
hemoglobine depourvue de phospholipides ; et 

(f) elution de ladite hemoglobine, depourvue de phospholipides, pour produire une solution d'hemo- 
globine depourvue de phospholipides et depourvue d'endotoxines. 

40 

16. Precede selon la revendication 15, comprenant les etapes supplementaires consistant a reticuler 
I'hemoglobine dans ladite solution d'hemoglobine, depourvue de phospholipides et depourvue d'endo- 
toxines, pour produire un substitut semi-synthetique du sang. 

45 Patentanspruche 

1. Hamoglobin-Losung fur den Transport und die Freisetzung von Sauerstoff an lebende Zellen, umfas- 
send Hamoglobin, das aus den roten Blutkorperchen eines Saugers isoliert und in einem wafirigen 
Medium suspendiert wird, wobei die Hamoglobin-Losung frei ist von Stroma roter Blutkorperchen und 

50 einen Endotoxin-Spiegel von weniger als 0,5 Endotoxin-Einheiten pro Milliliter (EU/ml) aufweist, be- 
stimmt mit Hilfe eines chromogenen Limulus-Amobocyten-Lysat(LAL)-Tests gegen eine Endpunktreak- 
tion, erreicht durch eine Verdunnungsreihe einer Endotoxin-Vergleichslosung und anschlieSende Inter- 
polation mittels einer Standard-Regressionskurve, erhalten aus kolorimetrischen Ablesungen aus diesen 
Verdunnungen. 
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2. Hamoglobin-Losung nach Anspruch 1, wobei das Hamoglobin Rinder-Hamoglobin ist. 

3. Hamoglobin-Losung nach Anspruch 2, wobei das Hamoglobin vernetzt ist. 
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4. Blutersatz, umfassend die Hamoglobin-Losung nach Anspruch 3. 

5. Plasmaexpander, umfassend die Hamoglobin-Losung nach Anspruch 3. 

5 6. Resuszitationsflussigkeit, umfassend die Hamoglobin-Losung nach Anspruch 3. 

7. Blutersatz, umfassend eine wai3rige Losung von vernetztem Hamoglobin, wobei der Blutersatz im 
wesentlichen frei ist von Zell-Stroma, Nicht-Hamoglobin-Proteinen und Pyrogenen und einen Endotoxin- 
Spiegel aufwelst, der bei Verabreichung in vivo keine Komplementaktivierung verursacht. 

70 

8. Blutersatz nach Anspruch 7, wobei das Hamoglobin vernetztes Rinder-Hamoglobin ist. 

9. Blutersatz nach Anspruch 7, wobei der Endotoxin-Spiegel geringer als 0,5 Endotoxin-Einheiten pro 
IVIilliliter (EU/ml) ist, bestimmt mit Hilfe eines chromogenen Limulus-Amobocyten-Lysat(LAL)-Tests 

75 gegen eine Endpunktreaktion, erreicht durch eine Verdunnungsreihe einer Endotoxin-Vergleichslosung 
und anschliefiende Interpolation mittels einer Standard- Reg ressionskurve, erhalten aus koiorimetrischen 
Ablesungen aus diesen Verdunnungen. 

10. Blutersatz, umfassend eine wafirige Losung von Hamoglobin, das aus roten Blutkorperchen von 
20 Rindern stammt, wobei das Hamoglobin in ausreichendem MaJ3e vernetzt ist, um Polyhamoglobin zu 

ergeben mit wenigstens 50% des Polyhamoglobins in einer hoheren als der tetrameren Form, wobei 
der Blutersatz 

a) einen P50, gemessen unter humanphysiologischen Bedingungen, im Bereich von 2399,4 bis 
4798,8 Pa (d.h., 18 bis 36 mmHg) aufweist; 

25 b) frei ist von Stroma roter Blutkorperchen und Nicht-Hamoglobin-Proteinen; und 

c) einen Endotoxin-Spiegel von weniger als 0,5 Endotoxin-Einheiten pro Milliliter (EU/ml) aufweist, 
bestimmt mit Hilfe eines chromogenen Limulus-Amobocyten-Lysat(LAL)-Tests gegen eine Endpunkt- 
reaktion, erreicht durch eine Verdunnungsreihe einer Endotoxin-Vergleichslosung und anschlieflende 
Interpolation mittels einer Standard-Regressionskurve, erhalten aus koiorimetrischen Ablesungen aus 

30 diesen Verdunnungen. 

11. Blutersatz nach Anspruch 10 mit einem Endotoxin-Spiegel von weniger als 0,02 EU/ml. 

12. Blutersatz, umfassend eine wa^rige Losung von vernetztem Hamoglobin, wobei das Hamoglobin aus 
35 roten Blutkorperchen von Rindern stammt und der Blutersatz gekennzelchnet ist durch 

a) eine Endotoxin-Konzentration von weniger als 0,02 Endotoxin-Einheiten pro Milliliter (EU/ml), 
bestimmt mit Hilfe eines chromogenen Limulus-Amobocyten-Lysat(LAL)-Tests gegen eine Endpunkt- 
reaktion, erreicht durch eine Verdunnungsreihe einer Endotoxin-Vergleichslosung und anschliefiende 
Interpolation mittels einer Standard-Regressionskurve, erhalten aus koiorimetrischen Ablesungen aus 

40 diesen Verdunnungen. 

b) eine Phospholipid-Konzentration von weniger als 1 ng/ml; 

c) eine Hamoglobin-Molekulargewichtsverteilung mit mehr als 90% im Bereich von 68 000 - 500 000 
Dalton; 

d) eine OsmolaritSt, gemessen durch Gefrierpunktserniedrigung, im Bereich von 180 - 320 Millios- 
46 mol pro Liter; 

e) einen Hamoglobin-Gehalt von 5 bis 25 g/dl; 

f) einen Methamoglobin-Gehalt von weniger als 20 Gew.-%; 

g) einen P50 im Bereich von 2399,4 bis 4798,8 Pa (d.h., 18 bis 36 mmHg); 

h) eine intravaskulare Halbwertszeit von wenigstens vier Tagen; 

60 i) den Umstand, 6aB er im wesentlichen frei ist von Stroma roter Blutkorperchen, Nicht-Hamoglobin- 

Proteinen und Pyrogenen. 

13. Sauger-Blutersatz, umfassend in waSrigem Medium suspendiertes, vernetztes Hamoglobin, wobei das 
Hamoglobin aus Sauger-Blutkorperchen stammt und der Blutersatz aufweist; vernetztes Hamoglobin 

55 mit einer Molekulargewichtsverteilung von mehr als 90% im Bereich von 68 000 - 500 000 Dalton; eine 

Osmolaritat, gemessen durch Gefrierpunktserniedrigung, im Bereich von 180 - 320 Milliosmol pro Liter 
Losung; einen End-Hamoglobin-Gehalt von 9 bis 13 g/dl; einen Methamoglobin-Gehalt von weniger als 
10 Gew.-%; physiologische Konzentrationen an Natriumchlorid und Kaliumchlorid; weniger als ein 
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Nanomol Phospholipid pro Milliliter; wenlger als 1 ppm Vernetzungsmittel; einen P50 im Bereich von 
2399,4 bis 4798,8 Pa (d.h., 18 bis 36 mmHg); eine intravaskulare Halbwertszeit von wenigstens vier 
Tagen; und einen Endotoxin-Spiegel von weniger als 0,5 Endotoxin-Einheiten pro Milliliter (EU/nnI), 
bestimmt mit Hilfe eines chronnogenen Limulus-Amobocyten-Lysat(LAL)-Tests gegen eine Endpunktre- 
aktion, erreicht durch eine Verdunnungsreihe einer Endotoxin-Vergleichslosung und anschlieBende 
Interpolation nnittels einer Standard-Regressionskurve, erhalten aus kolorimetrischen Ablesungen aus 
diesen Verdunnungen. 

14. Blutersatz nach Anspruch 12, des welteren gekennzeichnet durch den Umstand, da/3 er in vivo 

a) nicht konnplementaktivierend ist; 

b) keine hamorrhagischen Storungen verursacht; 

c) keine abnorme Thronnbocyten-Funktion oder -Aggregation verursacht; 

d) keine abnormen Prothronnbin-Zeiten (PT) verursacht; 

e) keine abnormen partiellen Thromboplastin-Zeiten verursacht; 

f) Biutgruppenbestinnmung oder Bluteinkreuzung nicht beeintrachtigt; 

g) fur Nieren von nornnalen gesunden Saugern bei Konzentrationen von 3,5 g/kg Korpergewicht und 
8 g/dl Blutzirkulationsvolumen nicht toxisch ist; 

h) Zirkulatlonsbestandigkelt von wenigstens sieben Tagen zeigt; und 

i) als Stimulus fur beschleunigte Erythropoese wirkt. 

15. Verfahren zur Herstellung einer Hamoglobin-Losung, die frei ist von Endotoxinen, durch Ausfuhren der 
folgenden Abfolge von Schritten unter im wesentlichen Endotoxinfreien Bedingungen: 

a) Abspalten der Fraktion der roten Blutkorperchen von Rinderblut ohne vorheriges Waschen, um 
eine Hamoglobin-haltige Fraktion zu ergeben; 

b) Klaren der Hamoglobin-haltigen Losung, um eine Stroma-freie, Hamoglobin-haltige Losung zu 
ergeben; 

c) Mikroporenfiltration der Stroma-freien, Hamoglobin-haltigen Losung, um eine teilweise sterilisierte, 
Stroma-freie, Hamoglobin-haltige Losung zu ergeben; 

d) Ultrafiltration der teilweise sterilisierten, Stroma-freien, Hamoglobin-haltigen Losung, um eine nach 
Groi3e getrennte, teilweise sterilisierte, Stroma-freie, Hamoglobin-haltige Losung zu ergeben; 

e) chromatographische Behandiung der nach GrojQe getrennten, teilweise sterilisierten, Stroma- 
freien, Hamoglobin-haltigen Losung, um ein Phospholipid-freies Hamoglobin zu ergeben; und 

f) Elution des Phospholipid-freien Hamoglobins, um eine Phospholipid-freie, Endotoxin-freie 
Hamoglobin-Losung zu ergeben. 

16. Verfahren nach Anspruch 15, einschliefiend die zusatzlichen Schritte der Vernetzung des Hamoglobins 
in der Phospholipid-freien, Endotoxin-freien Hamoglobin-Losung, um einen halbsynthetischen Blutersatz 
zu ergeben. 
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FIGURE 7 
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